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Life Cycle Stage 
Facility 
Location 
Company
Collection method 
Date
Notes:
THORP throughput: 1200 tonne U /year 
Head End throughput: 5 tonne U /day 
Chemical Separation throughput: 7 tonne U /day
The original data are generally related to Uranium in the fuel before irradiation. Hence, the value 
0.87 kg U/TJ is used to normalise the data to the functional unit (see Volume 1, Appendix B)
The main process stages and the waste treatment plants have numerical codes:
P# Process stage
W# Waste treatment plant
Insoluble
liquid
solid
Abbreviations:
Ins
1
s
N uclear Fuel R eprocessing
THORP (Thermal O xide R eprocessing Plant)
Sellafield , Cumbria, U K  
British N uclear Fuels pic.
Data collected  at R isley  from THORP design  flo w  diagrams 
Autum n 1995
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Flowsheet Overview 
Nuclear Fuel Reprocessing
Irradiated fuel
Waste
Management
Waste Management
InputsWaste Management
Waste Management^- Inputs
Inputs
Waste Management
Inputs
Waste Management
InputsWaste Management
Inputs
Waste Management
Inputs
Waste Management
Plutonium
Purification
Plutonium
Finishing
Uranium Purification
Uranium
Finishing
Feed Clarification & Accountancy
Receipt and Storage
Shearing, dissolving & Hulls removal
Feed Pond
UraniunVPlutonium extraction 
partitioning
Inputs
Inputs
Uranium Plutonium
2
Main Process stages
Code Process Plant
P2 Receipt and Storage (includes Feed Pond, PI)
P3 Shearing, dissolving & Hulls removal
P4 Feed clarification & Accountancy
P5 Uranium/Plutonium extraction partitioning
P6 Uranium purification
P7 Plutonium purification
P8 Uranium finishing
P9 Plutonium finishing
Waste treatment plants
Code Process Plant
W1 Waste Encapsulation Plant WEP
W2 Dissolver O ff Gas treatment DOG
W3 Site Ion Exchange Effluent Plant SIXEP
W4 Highly Active Liquor Evaporator HALES
W5 Salt Free Evaporation and Acid recovery SEE
W6 Low Active Effluent and Segregated Effluent 
Treatment plant (discharges to sea)
LAE & SETP
W7 Salt Azide Conditioning SAC
W8 Salt Evaporator SE
W9 Central O ff Gas plant COG
W10 Enhanced Actinide Removal Plant EARP
W ll Waste Vitrification Plant WVP
W12 Waste Packaging and Encapsulation Plant WPEP
W13 Solvent wash
W14 Waste solvent wash and Interfacial Crud 
storage
W15 Wash cycles
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Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass balance
Assumptions
T H O R P pond Liquid effluent
T H O RP Pond Complex Liquid effluent flowsheet, Phase 2, R ev l w/am endm ents (April 1991)
O FCPD C/P523
O ctober 1990
Daily basis, throughput 1200 tonne U /yr 
C o-60  1%
C s-137 5%
O peration 365 days/year 
0 .87  kg U /TJ
Inputs Composition Unit per day per TJ Source Notes
Liquor tot. a  activity Bq 1.10E+05 2.90E+01 A G R  flasks Vol. 6  m’/day
tot. P activity Bq 6.93E+08 1.83E+05
Co-60 Bq 2.43E+08 6.43E+04
C s-137 Bq 6.89E+08 1.82E+05
C o-60 (ins) Bq 1.25E+08 3.31E+04
Liquor to t. a  activity Bq 3.54E+06 9.37E+02 LW R  flasks Vol. 6  m’/day
to t. p activity Bq 1.28E+08 3.39E+04 direct
Co-60 Bq 8.83E+07 2.34E+04
Cs-137 Bq 7.67E+06 2.03E+03
tot. a  activity (ins) Bq 1.44E+06 3.81E+02
- t o t  - p  activity (ins) — Bq 2.69E+07 7.12E+03
C o-60 (ins) Bq 5.40E+07 I.43E+04
Cs-137 (ins) Bq 4.34E+06 1.15E+03
L iquor to t. a  activity Bq 3.88E+03 1.03E+00 L W R  flasks Vol. 2  m3/day
to t. P activity Bq 5.18E+06 1.37E+03 ex B 27
Co-60 Bq 3.83E+06 1.01E+03
Cs-137 Bq 2.93E+06 7.75E+02
to t. a  activity (ins) Bq 6.19E+03 1.64E+00
tot. P activity (ins) Bq 6.07E+05 1.61E+02
C o-60 (ins) Bq 5.63E+05 1.49E+02
C s-137 (ins) Bq 3.23E+05 8.55E+01
Liquor to t. a  activity Bq 1.73E+05 4.58E+01 D econtam ination &
tot. P activity Bq 2.79E+07 7.38E+03 misc. arisings
C o-60 Bq 8.89E+06 2.35E+03
Cs-137 Bq 2.41E+07 6.38E+03
tot. a  activity (ins) Bq 4.33E+04 1.I5E+01
to t. P activity (ins) Bq 6.40E+05 1.69E+02
C o-60 (ins) Bq 1.93E+06 5 .1 1E+02
Cs-137 (ins) Bq I.30E+05 3.44E+01
Liquor to t. a  activity Bq 3.93E+04 1.04E+0I Residual flask arisings
to t. P activity Bq 1.20E+06 3.18E+02
Co-60 Bq 6.12E+05 1.62E+02
Cs-137 Bq 2.30E+05 6.09E+01
to t. a  activity (ins) Bq 1.65E+07 4.37E+03
to t. P activity (ins) Bq 4.54E+08 1.20E+05
Co-60 (ins) Bq 1.77E+08 4.68E+04
C s-137 (ins) Bq 3.84E+07 1.02E+04
Liquor tot. a  activity Bq 9.03E+03 2.39E+00 M EB  leakage
to t. P activity Bq 3.13E+07 8.28E+03
Co-60 Bq 2.45E+07 6.48E+03
Cs-137 Bq 1.70E+07 4.50E+03
L iquor tot. a  activity Bq 2.04E+04 5.40E+00 A G R  leakage
tot. p activity Bq 1.30E+08 3.44E+04
C o-60 Bq 3.84E+05 1.02E+02
Cs-137 Bq 1.29E+08 3.41E+04
Liquor to t. a  activity Bq 5.26E+04 1.39E+01 M EB  operations
to t. P activity Bq I.82E+08 4.82E+04
C o-60 Bq I.43E+08 3.78E+04
Cs-137 Bq 9.89E+07 2.62E+04
tot. a  activity (ins) Bq I.27E+08 3.36E+04
to t. P activity (ins) Bq 1.69E+10 4.47E+06
Co-60 (ins) Bq 3.76E+10 9.95E+06
Cs-137 (ins) Bq 5.06E+08 1.34E+05
Liquor to t. a  activity Bq 1.15E+06 3.04E+02 A G R  operations
to t. P activity Bq 7.32E+O9 1.94E+06
Co-60 Bq 2.16E+07 5.72E+03
Cs-137 Bq 7.27E+09 I.92E+06
C o-60 (ins) Bq 7.79E+08 2.06E+05
Liquor tot. ct activity Bq 9.30E+04 2.46E+01 Leaching from  fuel
tot. P activity Bq 1.23E+07 3.25E+03
Co-60 Bq 2.74E+07 7.25E+03
Cs-137 Bq 3.69E+05 9.76E+01
THORP Receipt and Storage; and Feed Pond (PI and P2)
Liquor
Outputs
Liquor
Solid
to t. a  activity Bq 1.40E+07 3.70E+03
tot. 3 activity Bq 4.84E+10 1.28E+07
Co-60 Bq 3 .79E + I0 1.00E+07
C s-137 Bq 2.63E+10 6.96E+06
to t. a  activity (ins) Bq 1.12E+05 2.96E+01
tot. 3  activity (ins) Bq 1.49E+10 3.94E+06
C o-60 (ins) Bq 3.32E+10 8.79E+06
Cs-137 (ins) Bq 4.46E+08 1.18E+05
tot. a  activity Bq 1.38E+07 3.65E+03
to t. 3  activity Bq 8.78E+10 2.32E+07
Co-60 Bq 2.59E+08 6.85E+04
C s-137 Bq 8.73E+10 2.31E+07
C o-60 (ins) Bq 4.33E+08 1.15E+05
Composition Unit per day per TJ
to t. a  activity Bq 1.90E+06 5.03E+02
to t. 3  activity Bq 3.07E+08 8.12E+04
C o-60 Bq 7.36E+07 1.95E+04
C s-137 Bq 2.65E+08 7.01E+04
to t. a  activity (ins) Bq 4.77E+05 1.26E+02
to t. 3  activity (ins) Bq 7.04E+06 1.86E+03
C o-60 (ins) Bq 2.12E+07 5.61E+03
Cs-137 (ins) Bq 1.43E+06 3.78E+02
tot. a  activity Bq I.01E+06 2.67E+02
to t. 3  activity Bq 1.49E+07 3.94E+03
Co-60 Bq 4.50E+07 I.19E+04
Cs-137 Bq 3.04E+06 8.04E+O2
Co-60 Bq 6.00E+08 I.59E+05
Sr-90 Bq 5.07E+06 I.34E+03
R u-106 Bq 8.30E+06 2.20E+03
Cs-134 Bq 6.41E+07 1.70E+04
C s-137 Bq 1.12E+09 2.96E+05
C e -144 Bq 2.77E+07 7.32E+03
Zr/Nb-95 Bq 5.86E+06 I.55E+03
M n-54 Bq 9.32E+07 2.47E+04
Np-237 Bq 8.27E+01 2.19E-02
Pu a Bq 1.05E+06 2.79E+02
Pu-241 Bq 3.15E+07 8.34E+03
Ant-241 Bq 3.21E+05 8.4SE+01
Cm  a Bq 6.99E+05 1.85E+02
U a Bq 6.22E+02 1.65E-01
tot. a  activity Bq 2.O7E+06 5.49E+02
tot. 3 -5  activity Bq 1.41E+09 3.74E+05
tot. a  activity Bq 1.85E+08 4.90E+04 '
tot. 3  activity Bq 2.28E+10 6.03E+06 '
C o-60 Bq 5.01E+10 I.33E+07
Cs-137 Bq 7.06E+08 1.87E+05
to t. a  activity Bq 2.77E+07 7.33E+03 1
tot. 3  activity Bq 1.36E+I1 3.60E+07 '
C o-60 Bq 3.82E+10 1.01E+07
Cs-137 Bq 1.14E+11 3.02E+07
tot. a  activity (ins) Bq 6.74E+07 1.78E+04
tot. 3 activity (ins) Bq 8.49E+09 2.25E+06
C o-60 (ins) Bq 1.99E+10 5.27E+06
Cs-137 (ins) Bq 2.68E+08 7.09E+04
Vol. 1.8 m’/day
Receiver
Vol. 18 m’/day
Notes
Vol. 6 .6  m  /day
M ass is negligible
Ref. P549 
1000 n r/d ay
M ass 1.35 kg/day
Vol. 36 m3/day
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Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
Dissolver
T H O RP Head End M ark 2, fuel dissolution and D O G , R ev 1
OFCPDC/P508
D ecem ber 1991
B atch basis, 7 tonne U/day before irradiation 
U 0 .0 2 %
P u 0.01 %
4  batches/day 
0.87 kg U/TJ
Inputs Composition Unit per batch per day per TJ Source Notes
Solid u kg 1.66E+03 6.64E+O3 8.25E-01 sheared fuel assemblies T ot. heat 4.13 kW
Pu kg I.78E+01 7.13E+01 8.86E-03
to tK r kg 7.82E-01 3.13E+00 3.89E-04
to t X e kg 1.12E+01 4.49E+01 5.58E-03
to t Ru kg 4 .50E+00 1.80E+01 2.24E-03
to t I kg 4.09E-01 1.64E+00 2.03E-04
H-3 Bq 1.04E+I3 4.16E+13 5.18E+09
C-14 Bq 4.21E +10 1.68E+11 2.09E+07
K r-85 Bq 5.38E+14 2.15E+15 2 .6 7 E + 1 1
T c-99 Bq 1.12E+12 4.48E+12 5.57E+08
R u-106 Bq 1.32E+15 5.28E+15 6.56E+11
1-129 Bq 2 .10E+09 8.40E+O9 I.04E + 06
E u -154 Bq 6.25E+14 2.50E+15 3.11E+11
Cm-244 Bq 1.64E+I4 6.56E + I4 8.1SE+10
to tal activity Bq 4.56E + I3 1.82E+14 2.27E+10
Solid Z r kg 6.00E+02 2.40E+03 2.98E-01 Sheared fuel assemblies
S tainless steel kg 9.50E+01 3.80E+02 4.72E -02 cladding
inconel kg 3.50E+01 1.40E+02 1.74E-02
Z rA  fines kg 1.12E+00 4.48E+00 5.57E-04
Crud kg 1.66E+00 6.64E+00 8.25E-04
N O x/air N O x m3 4.25E+00 1.70E+01 2.1 IE-03 sparging
Air m3 4.25E+00 1.70E+01 2.1 IE-03 assum e 100% N 0 2
Solid Z r kg 1.70E-01 6.80E-01 8.45E-05 em pty basket R ECY CLE -  residual fines
R eagent H N O , kg 2.14E+03 8.56E+03 1.06E+00 N itric Acid for hulls w ash &  dissolution
H 20 kg 3.47E+03 1.39E+04 I.72E + 00 Vol. 4550 m3 (batch)
Gd kg 9.06E+00 3.62E+01 4.50E-03 Cone. 7.46 N
Liquor H 20 kg 1.90E+03 7.60E+03 9.45E-01 D O G R ECY CLE
H N O , kg 1.12E+02 4.48E+02 5.57E-02 W 2 C ondensate re turned continuously
Fuel dust kg 3.70E+00 1.48E+01 1.84E-03 Vol. 2 .0  m3 (batch)
Outputs Composition Unit per batch j e r  day jjer TJ Receiver Notes
Liquor u kg 5.86E+0I 2.34E+02 2.91E-02 Fines D ecanter C oarse fines slurry
Pu kg 6.3 IE-01 2.52E+00 3 .I4 E -0 4  P3.3 T ot. Vol. 0.34 m3 (batch)
H N O , N 3.45E+00 3.45E+00 4 .29E -04
H-3 Bq 3.60E+11 1.44E+12 1.79E+08
1-129 Bq 1.41E+06 5.64E+06 7.01E+02
to tal activity ( 1) Bq 1.59E+15 6.36E+15 7 .9 0 E + 1 1
Solid Z rA  fines kg 1.73E-01 6 .9 2 E -0 1 8.60E-05
C rud kg 6.22E-01 2.49E+00 3.09E-04
IFPs kg 7.90E-01 3.16E+00 3.93E-04
to tal activity (s) Bq 5.89E+13 2.36E+14 2.93E+10
Liquor U kg 1.00E+00 4.00E+0Û 4.97E -04 Hulls m onitoring B asket C ontents
Pu kg 1.04E-02 4.16E -02 5.17E-06 P3.4 L iquor vol. 11 L (batch)
H N O , N 7.06E+00 7.06E+00 8.77E-04
to tal activity (1) Bq 2.70E+13 1.08E+14 1.34E+10
Solid Cladding kg 7.30E+02 2.92E+O3 3.63E-01
Residual fuel kg 1.00E+00 4 .00E+00 4.97E-04
H-3 Bq 3.10E+09 1.24E+10 1.54E+06
C-14 Bq 1.26E+07 5.04E+07 6.26E+03
Kr-85 Bq 1.60E+11 6 .4 0 E + 1 1 7.95E+07
1-129 Bq 6.30E+05 2.52E+06 3.13E+02
E u -154 Bq 1.90E+11 7 .6 0 E + 1 1 9.45E+07
Cm-244 Bq 4.90E+10 1.96E+11 2.44E+07
C rud kg 6.64E-01 2.66E+00 3.30E-04
to tal activity (s) Bq 1.32E+15 5.28E+15 6 .5 6 E + 1 1
Z rA  fines kg I.12E+00 4.48E+00 5.57E-04
Liquor U kg (330  g/1) I.60E+03 6.39E+03 7.94E-01 Centrifuge Feed Tank D issolver product liquor
Pu kg 1.72E+01 6.88E+01 8.55E-03 P4 T ot. vol. 4.84 m3 (batch)
H N O , N 2.94E+OO 2.94E+00 3.65E-04 U O ,(N O ,): = 2645 kg  (batch)
H N O : N 1.00E-02 1.00E-02 1.24E-06
Gd kg (1.85 g/1) 8.95E+OO 3.58E+01 4.45E-03
Fe kg (0.05 g/1) 2.42E-01 9.68E-01 1.20E-04 Dissolved iron
H-3 Bq 9.89E+12 3.96E +I3 4.92E +09
R u -106 Bq 1.26E+15 5.04E+15 6 .2 6 E + 1 1
1-129 Bq 3.84E+07 1.54E+08 1.91E+04
to tal activity (1) Bq 4.33E+16 1.73E+17 2.15E+13
Solid Z rA  fines kg 5.40E-04 2.16E-03 2.68E-07
Crud kg 4.20E-02 1.68E-01 2.09E-05
8
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Gas
IFPs kg 8.20E+00 3.28E+01 4.08E-03
to tal activity (s) Bq 6.08E+14 2.43E+15 3 .02E + 11
n 2 m3 1.37E+03 5.50E+03 6.83E-01 D O G
0 ; m3 3.23E+02 1.29E+03 1.60E-01 W 2
A t m3 1.65E+01 6.60E+01 8.20E-03
C 0= m3 6.25E-01 2.50E+00 3.1 IE -04
N O m3 2.40E+01 9.60E+01 1.19E-02
N O , m3 5.80E+01 2.32E+02 2.88E-02
H 20 kg 9.05E+01 3.62E+02 4.50E-02
K r kg 7 .83E -0I 3.13E+00 3.89E-04
1 kg 4.02E-01 1.61E+00 2.00E-04
X e kg 1.12E+01 4.49E +0I 5.58E-03
H-3 Bq 1.45E +11 5 .80E + 11 7.2 IE + 07
C -14 Bq 4.20E+10 1.68E+11 2.09E+07
Kr-85 Bq 5.38E+14 2.15E+15 2 .67E + 11
T c-99 Bq 3.25E+06 1.30E+07 . I.62E+03
R u-106 Bq (s) 5.48E+10 2.19E+11 2.72E+07
R u-106 B q (g) 5.48E+10 2.19E+11 2.72E+07
1-129 Bq 2.O7E+09 8.26E+09 1.03E+06
Fuel dust kg 1.54E-01 6.17E-01 7.67E-05
Z r  fines kg 2.00E-06 8.00E-06 9.94E-10
T ot vol. 1749 m-1 (batch)
Ancillary Services
Steam kg 4.20E+02 1.68E+03 Reflux condenser
9
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Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
D ecanter
TH O RP Head End M ark  I, D issolver coarse fines washing
OFCPD C/P419
January 1987
B atch basis, 7 tonne U/day before irradiation 
U 0.01 %
Pu 0.03 %
4  batches/day 
0.87 kg U/TJ
Inputs Composition Unit per batch per day per TJ Source Notes
Liquor u kg 5.S6E+01 2.34E+02 2.91E -02 Dissolver slurry Vol. 340 L (batch)
Pu kg 6.31E-01 2.52E+00 3.14E -04 P3.2
H N O , N 3.45E+00 3.45E+00 4 .29E -04
H-3 Bq 3.60E+11 1.44E+12 1.79E+08
1-129 Bq I.41E+06 5.64E+06 7 .0 IE + 02
T o t Act. Bq 1.59E+15 6.36E+15 7.90E+11
Solid Z rA fin es kg 1.73E-01 6.92E-01 8.60E-05
Crud kg 6.22E-01 2.49E+00 3.09E-04
IFPs kg 7.90E-01 3.16E+00 3.93E -04
T o t Act. Bq 5.89E+13 2.36E+14 2.93E +10
Reagent H N O , kg 1.20E+00 4.80E+00 S.97E-04 D ilution Acid
H ;0 kg 1.89E+02 7.56E+02 9.40E -02 Vol. 190 L (batch)
Acid conc. N 1.00E-01 1.00E-01 1.24E-05
R eagent H N O , kg 3.I0E-01 1.24E+00 1.54E-04 Acid swirl je t for fines ejection
H 20 kg 4.97E+01 1.99E+02 2.47E -02 Vol. 50 L  (batch)
Acid conc. N 1.00E-01 1.00E-01 1.24E-05
Reagent H N O , kg 1.70E-01 6.80E-01 8.45E-05 Acid for heel
H 20 kg 2.58E+OI 1.03E+02 1.28E-02
Acid conc. N 1.00E-01 1.00E-01 1.24E-05
Outputs Comp. Unit per batch per day per TJ Receiver Notes
Liquor u kg 5.45E+01 2.18E+02 2 .7 IE -0 2  Centrifuge 1st Supem ate
Pu kg 5.85E-01 2.34E+00 2.91E -04 P4 Vol. 374 L (batch)
Gd kg 6.10E-01 1.22E+00 I.52E-04
H N O , N 2.95E+00 2.95E+00 3.66E-04
to tal activity (1) Bq 1.48E+15 5.92E+15 7 .3 6 E + 1 1
Solid IFPs kg 5.25E-01 2.10E+00 2.61E-04
Z rA fin es kg 7.00E-06 2.80E-05 3.48E -09
to tal activity (s) Bq 3 .85E+I3 1.54E+14 1.91E+10
Liquor U kg 3.66E+00 1.47E+01 1.82E-03 Centrifuge 2nd Supem ate
Pu kg 3.94E-02 1.58E-01 1.96E-05 P4 V ol. 209 L (batch)
Gd kg 4.15E-02 8.30E-02 1.03E-05
H N O , N 4.34E-01 4.34E-01 5.39E-05
total activity (1) Bq 9.97E+13 3.99E+14 4.96E+10
Solid IFPs kg 3.50E-02 1.40E-01 1.74E-05
Z rA  fines TR A C E
total activity (s) Bq 2.53E+12 1.0IE+13 1.26E+09
Liquor U kg 5.01E-01 2.00E+00 2.49E -04 Hulls m onitoring W ashed coarse fines plus filling head wash
Pu kg 5.39E-03 2.16E-02 2 .68E -06 P3.4 Vol. 103.6 L  (batch)
H N O , N 1.68E-0I I.68E-01 2.09E-05
to tal activity (1) Bq 1.36E+13 5.44E+13 6.76E+09
Solid IFPs kg 1.61E-01 6.44E-01 8.00E-05
Crud kg 6.22E-01 2.49E+00 3.09E-04
Z rA  fines kg 1.73E-01 6.92E-01 8.60E-05
total activity (s) Bq 1.21E+13 4.84E+13 6.02E+09
Ancillary
Liquor H :0 kg 2.00E+00 8.00E+00 9.94E -04 wash w a te r through filling head
steam H :0 kg 5.30E+01 2.12E+02 2.63E -02
10
aneanng, dissolving ana nuns removal
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
H ulls M onitoring
TH O R P Head End M ark  I, basket handling cave processes
O FCPD C/P422
Feb. 1987
B atch basis, 7 tonne U /day before irradiation 
U 2 .4 %
Pu 2.5 %
4 B askets o f  leached hulls/day 
0 .87  kg U/TJ
Inputs Composition Unit per batch per day per TJ Source Notes
Liquor U kg 1.00E+00 4.00E+00 4.97E -04 Dissolver Vol. 11 L (batch)
Pu kg 1.04E-02 4.16E-02 5.17E -06 P3.2
H N O , N 7.06E+00 7.06E+00 8.77E-04
to tal activity (1) Bq 2.70E +I3 1.08E+I4 I.34E + 10
Solid Cladding kg 7.30E+02 2.92E+03 3.63E-01
Residual Fuel kg 1.00E+00 4.00E+00 4.97E-04
H-3 Bq 3.10E+09 1.24E+10 1.54E+06
C -14 Bq 1.26E+07 5.04E+07 6.26E+03
Kr-85 Bq I.60E+11 6 .40E + 11 7.95E+07
1-129 Bq 6.30E+05 2.52E+06 3.13E+02
E u -154 Bq 1.90E+11 7 .60E + 11 9.45E+07
Cm-244 Bq 4.90E+10 1.96E+11 2.44E +07
Crud kg 6.64E-01 2.66E+00 3.30E-04
to tal activity (s) Bq I.32E+15 5.28E+15 6 .5 6 E + 1 1
Z rA  fines kg 1.12E+00 4.48E+00 5.57E-04
Liquor U kg 8.00E-02 3.20E-01 3.98E-05 Hulls L iquor handling R ECY CLE
Pu kg 8.60E-04 3.44E-03 4 .28E -07 P3.4.3 W aste container with liquor heel
H N O ; N 2.74E-01 1.10E+00 1.36E-04 Vol. 30 L
Z rA  fines kg 6.99E-02 2.80E-01 3.48E-05
IFPs kg 1.66E-02 6.64E-02 8.25E-06
Crud kg 8.05E-02 3.22E-01 4.00E-05
to tal activity (1) Bq 3.48E+12 1.40E+I3 1.74E+09
Liquor U kg 5.0 IE-01 2.00E+00 2.49E-04 Decanter Vol. 103.6 L  (batch)
Pu kg 5.39E-03 2 .I6E -02 2 .68E -06 Coarse fines &  filling
H N O , N 1.68E-01 1.68E-01 2.09E-05 head wash
total activity (1) Bq 1.36E+I3 5.44E+13 6.76E+09 P3.3
Solid IFPs kg 1.61E-0! 6.44E-0I 8.00E-05
Crud kg 6.22E-01 2.49E+00 3.09E-04
Z rA  fines kg 1.73E-01 6.92E-01 8.60E-05
to tal activity (s) Bq 1.21E+13 4.84E+13 6.02E+09
Liquor U kg 1.53E+00 6.12E+00 7.61E-04 R etention tank recycle Vol. 680 L
Pu kg 1.65E-02 6.60E-02 8.20E-06 R ECY CLE
H N O , N 2.33E-01 2.33E-01 2.90E-05
total activity (1) Bq 4.17E+13 1.67E+14 2.07E+10
Solid Z rA  fines kg 9.00E-06 3.60E-05 4.47E -09
IFPs kg 3.18E-01 1.27E+00 1.58E-04
Crud kg 1.I0E-05 4.40E-05 5.47E-09
to tal activity (s) Bq 2.35E+13 9.40E+13 1.17E+10
Liquor U kg 3.90E-02 1.56E-01 1.94E-05 R etention tank  Heel Vol. 72.6 L
Pu kg 4.20E-05 1.68E-04 2.09E -08 W eekly R ECY CLE
H N O ; N 5.60E-02 5.60E-02 6.96E -06
to tal activity (1) Bq 1.06E+12 4.24E+12 5.27E+08
Solid Z rA  fines kg 3.78E-03 1.51E-02 1.88E-06
IFPs kg 0.00822 3.29E-02 4.09E -06
Crud kg 0.00435 1.74E-02 2.16E-06
to tal activity (s) Bq 6.1E+1I 2.44E+12 3.03E+08
Outputs Composition Unit per container per day per TJ Receiver Notes
Liquor to tal activity (1) TR A CE Hulls L iquor retention Hulls m onitoring thimble effluent
Solids TR A CE tank Vol. 275 L
H :0 litre 2.75E+02 I.10E+03 1.37E-01 P3.4.4
Liquor total activity (1) TRA CE Hulls L iquor retention Tray w ashdow n effluent
Solids TR A C E tank Vol. 110 L
Ejector dilution litre 1.00E+01 4.00E+01 4.97E-03 P3.4.4
W ash w ater litre 1.00E+02 4.00E+02 4.97E -02
Solid Cladding kg 6.90E+02 2.76E+03 3.43E-01 W EP Container o f  hulls and liquor
Z rA  fines kg 1.20E+00 4.79E+00 5.95E-04 W1 M ass 1600.2 kg
IFPs kg 4.97E-01 1.99E+00 2.47E-04 Vol. 1001 L
Crud kg 1.37E+00 5.48E+00 6.81E-04
Residual fuel kg 1.01E+00 4.O3E+OO 5.01E-04 30 containers a  w eek
to tal activity (s) kg 6.94E+02 2.78E+03 3.45E-01 29 containers per w eek
H N O ; kg 1.53E+01 6 .1 1E+01 7.59E-03 will contain 931.6 L  and
H ;0 kg 8.88E+02 3.55E+03 4.41E-01 1 container per w eek will
u kg 3.23E+00 1.29E+01 1.60E-03 contain 1004 L (incl.
Pu kg 3.40E-02 1.36E-01 1.69E-05 retention tank heel)
Fe-55 Bq 4.I8E + 13 1.67E+14 2.08E+10
Co-60 Bq 8.69E+13 3.47E+14 4.32E +10
Ni-63 Bq 1.60E+13 6.40E+13 7.96E+09
Sr-90 Bq I.18E+13 4.72E+13 5.87E+09
R u -106 Bq 4.30E+13 I.72E+14 2.14E+10
11
Shearing, Dissolving and Hulls removal (P3)
Cs-134 Bq 9.42E+12 3.77E+13 4.68E+09
Cs-137 Bq 3.14E+13 1.25E+14 1.56E+10
O ther 3y Bq 1.32E+14 5.28E+14 6.57E+10
to t (3y Bq 3.72E+14 1.49E+15 1.85E+11
to t  a Bq I.12E+12 4.46E+12 5.54E+08
Ancillary
Liquor H 20 litre 2.50E+02 W eekly w ash-out o f  heel
1 SO L  remains after w ash out
Liquor h 2o litre 1.00E+02 W eekly w ash-dow n o f  discharge unit
(tray  w ash-dow n)
Steam h 2o litre 2.50E+01
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Shearing, Dissolving and Hulls removal (F3)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
Hulls L iquor handling
TH O R P H ead End M ark I, basket handling
O FCPD C /P422
February 1987
1 container batch o f  liquor, 7 tonne U/day 
U  1 .7 %
P u 0.3 %
4 B askets o f  leached hulls/day 
0 .87  kg U/TJ
cave processes 
before irradiation
Inputs Composition Unit per container per day per TJ Source Notes
Liquor U kg 2.39E+00 9.56E+00 1.19E-03 W EP W aste hulls container
Pu kg 2.57E -02 1.03E-01 1.28E-05 W1 Vol. 897 L
H N O , N 2.34E-01 9.36E-01 1.16E-04 Average o f  weekly arisings
total activity (1) Bq 6.52E+13 2.61E+14 3.24E+10
Solid Z rA  fines kg 7.00E-02 2.80E -0I 3.48E-05
IFPs kg 4.97E-01 I.99E+00 2.47E-04
Crud kg 8.06E-02 3.22E-01 4.01E-05
total activity (s) Bq 3.69E+13 I.48E+14 1.83E+10
Liquor U kg 3.40E-03 Effluent from  B /H  cave Vol. 33.8 L
Pu kg 3.70E-05 vessels w ashout A verage o f  weekly arisings
H N O , N 2 .10E-02
to tal activity (1) Bq 9.27E +10
Solid IFPs kg 1.70E-05
Z rA  fines TR A CE
Crud TR A CE
total activity (s) Bq I.29E + 09
Outputs Composition Unit per container per day per TJ Receiver Notes
Liquor U kg 8.00E-02 3.20E-01 3.98E -05 Hulls m onitoring R ECY CLE
Pu kg 8.60E-04 3.44E-03 4.28E -07 P3.4 Em pty container w ith liquor heel
H N O , N 2.74E-01 1.10E+00 1.36E-04 Vol. 30 L
Z rA  fines kg 6.99E -02 2.80E-01 3.48E-05
IFPs kg I.66E-02 6.64E-02 8.25E-06
Crud kg 8.05E-02 3.22E-01 4.00E-05
total activity (1) Bq 3.49E+12 I.40E + I3 1.74E+09
Liquor U kg 1.53E+00 6.12E+00 7 .6 IE -04  Hulls m onitoring W EEK LY  RECY CLE (effluent)
Pu kg I.65E-02 6.60E-02 8.20E-06 P3.4 Vol. 680  L
H N O , N 2.33E-01 2.33E-01 2.90E-05
total activity (1) Bq 4.17E+13 1.67E+14 2.07E+10 /
Solid Z rA  fines kg 9.00E-06 3.60E-05 4.47E -09
IFPs kg 3.18E-01 1.27E+00 1.58E-04
Crud kg 1.10E-05 4.40E-05 5.47E-09
to tal activity (s) Bq 2.35E+13 9.40E+13 I.1 7 E + I0
Liquor U kg 3.90E-02 1.56E-01 1.94E-05 Hulls m onitoring W EEK LY  R ECY CLE (heels)
Pu kg 4.20E-05 1.68E-04 2.09E-08 P3.4 Vol. 72.6 L
H N O , N 5.60E-02 5.60E-02 6.96E -06
to tal activity (1) Bq 1.06E+12 4.24E+12 5.27E+08
Solid Z rA  fines kg 3.78E-03 1.51E-02 1.88E-06
IFPs kg 0.00822 3.29E-02 4.09E -06
Crud kg 0.00435 1.74E-02 2.16E-06
to tal activity (s) Bq 6 .1 E + 1 1 2.44E+12 3.03E+08
Liquor U kg 7.83E-01 3.28E+00 4.07E -04 Centrifuge B /H  cave effluent
Pu kg 8.42E-03 3.52E-02 4 .37E -06 P4 Vol. 348 L
H N O , N 2.33E-01 2.22E-01 2.76E-05 A verage o f  w eekly arisings
total activity (1) Bq 2.13E+13 8.78E+13 1.09E+10
Solid Z rA  fines kg 5.00E-06 2.00E-05 2.49E-09
IFPs kg 1.63E-01 6 .0 0 E -0 1 7.46E-05
Crud kg 5.00E-06 2.00E-05 2.49E-09
total activity (s) Bq 1.20E+13 4.77E+13 5.93E+09
Ancillary Services
H :0 litre 3.30E+01 Cave w ash dow n 1 m3 w ate r used weekly
H ;0 kg 5.00E+01 Jet w ash fo r fines removal (w eekly)
H ;0 litre 1.60E+01 W ater for seal
Steam litre 6.20E+01 Ejector to  fill hulls container
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Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
Centrifugation
P roduct L iquor Clarification, cake slurry export &  accontancy/buffer storage
O FC PD C/P520
June 1989
Daily basis, 7  tonne U /day before irradiation 
U  0 %
Pu 0.1 %
0.87  kg U /TJ
Inputs Composition Unit per day per TJ Source Notes
Liquor u kg (300 g/1) 6.39E+03 7.94E-01 Dissolver Vol 19.36 m'Vday
Pu kg 6.88E+01 8.55E-03 P3 U O ,(N O ,): =  10581 kg/day
H N O , N 2.94E+00 3.65E-04
H N O , N 1.00E-02 1.24E-06
G d kg (1.85 g/1) 3.58E+01 4.45E-03
Fe kg  (0.05 g/1) 9.68E-01 1.20E-04
H-3 Bq 3.96E+13 4.92E+O9
R u-106 Bq 5.04E+15 6 .2 6 E + 1 1
1-129 Bq 1.54E+08 1.91E+04
to tal activity (1) Bq 1.73E+I7 2.15E+13
Solid Z rA  fines kg 2.I6E -03 2.68E-07
Crud kg 1.68E-01 2.09E-05
IFPs kg 3 .28E +0I 4.08E-03
to tal activity (s) Bq 2.43E+15 3 .02E + 11
Liquor U kg 2 .18E+02 2.71E -02 D ecanter 1st supem ate, coarse fines w
Pu kg 2 .34E+00 2 .9 IE -04  P3.3 Vol. 1.490 m’/day
G d kg I.22E + 00 1.52E-04
H N O , N 2.95E+00 3.66E-04
to tal activity (1) Bq 5.92E+15 7 .36E + 11
Solid IFPs kg 2.10E+00 2.61E-04
Z rA  fines kg 2.80E-05 3.48E-09
to tal activity (s) Bq 1.54E+14 1.91E+10
Liquor U kg 1.47E+01 1.82E-03 D ecanter 2nd Supem ate, coarse fines v
Pu kg 1.58E-01 1.96E-05 P3.3 Vol. 0 .836 m’/day
G d kg 8.30E-02 I.03E-05
H N O , N 4.34E-01 5.39E-05
total activity (1) Bq 3.99E+14 4 .9 6 E + I0
Solid IFPs kg 1.40E-01 1.74E-05
Z rA  fines T R A C E
total activity (s) Bq 1.01E+13 1.26E+09
Liquor U kg 5.37E-OI 6.67E-05 DOG D esorbed Recom bined Nitric
Pu kg 5.80E-03 7.21E-07 W2 Vol. 1600 m’/day
H 20 kg 1.30E+03 1.62E-01
H N O , kg 6.O3E+O2 7.49E-02
Acid conc. M 6.00E+00 7.46E-04
H-3 Bq 3 .78E + 11 4.70E+07
R u -106 Bq 6 .4 6 E + 1 1 8.O3E+07
1-129 Bq 2.20E+07 2.73E+03
Z r fines kg 8.00E-06 9.94E-10
to tal activity (1) Bq 1.53E+13 1.90E+09
Liquor U kg 3.28E+00 4.07E -04 L iquor handling From  basket handling
Pu kg 3.52E-02 4.37E -06 P3.4.3 cave effluent
H N O , M 2.22E-01 2.76E-05 Vol. 1.413 m’/day
to tal activity (1) Bq 8.78E+13 1.09E+10
Solid Z rA  fines kg 2.00E-05 2.49E-09
IFPs kg 6.00E-01 7.46E-05
C rud kg 2.00E-05 2.49E-09
to tal activity (s) Bq 4.77E+13 5.93E+09
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feed  uiariiicauon ana Accountancy ^r4;
Outputs Composition Unit per day per TJ Receiver Notes
Gas No nr' 9 .30E -0I 1.16E-04 H A  vessel vent Contam inated air
Air m’1 1.15E+02 1.43E-02
Liquor U kg 1.29E+00 1.61E-04 W EP W ashed centrifuge
Pu kg 1.39E-02 1.73E-06 container filling cake slurry for disposal
H N O , M 3.07E-01 3.82E-05 P4.5 Vol. 0 .626 m'Vday
total activity (1) Bq 3.51E+13 4.36E+09
Solid IFPs kg 3.48E+01 4.33E-03
Z rA  fines kg 2.18E-03 2.71E-07
Fuel crud kg 1.65E-01 2.05E-05
to tal activity (s) Bq 2.58E+15 3.21E + 11
Liquor U kg  (259  g/1) 6.63E+03 8.24E-01 Accountancy Clarified p roduct liquor
Pu kg 7.I3E + 01 8.86E-03 P4.3 Vol. 25 .62  m'Vday
Np kg 3.22E+00 4.00E-04
Gd kg 3.73E+01 4.64E-03 U O K N O ,); =  10921 kg/day
H N O , M 2.87E+00 3.57E-04
HN O ; mM 6.00E+00 7.46E-04
Tc-99 Bq 4.50E+12 5.59E+08 N o t all fission
Ru-106 Bq 5.08E+15 6.31E+11 products included
1-129 Bq 1.81E+08 2.25E+04
total activity (1) Bq I.80E + 17 2.24E+13
Solid IFPs kg 3.57E-01 4.44E-05
Z rA  fines kg 2.20E-05 2.73E-09
Fuel Crud kg 2.00E-03 2.49E-07
to tal activity (s) Bq 2.64E+13 3.28E+09
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Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
Accountancy/Conditioning
Product Liquor Clarification, cake slurry export &  accontancy/buffer storage
OFC PD C /P520
June 1989
Daily basis, 7 tonne U/day (accountancy) and 5 tonne U/day (conditioning) before irradiation 
U 0.01 %
Pu 0 .09  %
O utpu t to  PS and m other liquor recycle stream s are based on  5 tonne U/day before irradiation 
0.87 kg  U/TJ
Inputs Composition Unit
per day 
(7 tU/day)
per day 
(5 tU/day) j j e r  TJ Source Notes
Liquor u kg 6.63E+03 8.24E-01 Centrifuge Clarified p roduct liquor
Pu kg 7.13E+01 8.86E-03 P4.2 Vol. 25.621 m'Vday
Np kg 3.22E+00 4.00E-04
G d kg 3.73E+01 4.64E-03
H N O ; M 2.87E+OO 3.57E-04
H N O , mM 6.00E+00 7.46E-04
Tc-99 Bq 4.50E+12 5.59E+08 N o t all fission p roducts included
R u-106 Bq 5.08E+15 6.31E+11
1-129 Bq 1.81E+08 2.25E+04
total activity (1) Bq 1.80E+17 2.24E+13
Solid IFPs kg 3.57E-01 4.44E-05
ZrA  fines kg 2.20E-05 2.73E-09
Fuel Crud kg 2.00E-03 2.49E-07
total activity (s) Bq 2.64E+13 3.28E+09
Liquor Pu kg 3.84E-01 2.60E-01 4.52E-05 O xalate m other liquor Vol. 9 1 .4 L
U kg 1.04E+00 1.11E+00 1.93E-04 recycle V alues based on 5 tU /day are taken
N p kg 5.60E-02 3.82E-02 6.65E -06 P9 from  P9 data
kg 3.97E-04 6.90E-08
Tc-99 kg 3.75E-02 6.53E-06
Ru-106 kg 7.80E-08 1.36E -11
H N O , M 1.20E+01 1.24E+01 2.16E-03
H-CaO, M 7.00E-03 1.22E-06
K M nO j M 2.20E-04 3.83E-08
N H ,S O ,H M 3.60E-04 6.26E-08
Tc-99 Bq 3.50E+10
Reagent H N O , (12M ) m"' 4.06E-01 5.05E-05 Conditioning acid
H 20 m ' 4.12E-01 5.12E-05 Vol. 0.803 mVday o r
uranyl nitrate a t 250  gU/litre
per day per day
Outputs Composition Unit (7 tU/day) (5 tU/day) p er TJ Receiver Notes
Liquor u kg 6.63E+03 4.73E+03 8.24E-01 B uffer tank Clarified product liquor in buffer tanks
Pu kg 7.16E+01 5.11E+01 8.90E-03 PS 250 g /1
Np kg 3.27E+00 2.34E+00 4.06E-04 3 M  H N O ,
Tc-99 Bq 4.50E+12 3 .21E + I2 5.59E+08 Vol. 26.512 m'Vday
Ru-106 Bq 5.08E+15 3.63E+15 6 .3 1 E + 1 1 Basis 7 t(U )/day
Cs-134 Bq 9.91E+15 1.72E+12
Cs-137 Bq 2.09E+16 3 .64E + I2 Values based on  5 tU /day  are taken
C e -144 Bq 3.07E+15 5 .34E + 11 from  PS data
1-129 Bq 1.81E+08 1.29E+08 2.25E+04
Sr-90 Bq 1.50E+06 2.61E+02
to tal activity (1) Bq 1.80E+I7 1.29E+17 2.24E+13
Solid IFPs kg 1.80E-0! 1.29E-01 2.24E-05
Z rA  fines kg 1.10E-05 7.86E-06 1.37E-09
Fuel Crud kg 2.00E-03 1.43E-03 2.49E-07
total activity (s) Bq 1.29E+13 9 .2 IE + 12 1.60E+09
Gd kg 3.73E+0I 2.66E+01 4.64E-03
H N O ; M 5.80E-03 5.80E-03 1.01E-06
H NO , M 3.00E+00 3.00E+00 5.22E-04
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Feed Clarification and Accountancy (F4)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
W E P container filling
P roduct L iquor Clarification, cake slurry export &  accontancy/buffer storage
O FC PD C/P520
June 1989
1 batch container o f  slurry exported to  W EP, 7 tonne U/day before irradiation 
U 0.01%
Pu 0.09 %
Daily value = container * 0.7825 
0.87  kg U/TJ
Inputs Composition Unit per container per day per TJ Source Notes
Liquor U kg 1.65E+00 1.29E+00 1.61E-04 Centrifugation cake Vol. 800 L  (1 C ontainer)
Pu kg 1.78E-02 1.39E-02 1.73E-06 slurry buffer tank
H N O , M 3.07E-01 3.07E-01 3.82E-05 P4.2
total activity (1) Bq 4.44E+13 3.51E+13 4.36E+09
Solid IFPs kg 4.94E+11 3.48E+01 4.33E-03
Z rA  fines kg 4.45E+01 2.18E-03 2.71E-07 (Pu in IFPs) g  =  16.8
Fuel crud kg 2.79E-03 1.65E-01 2.05E-05
total activity (s) Bq 2.11E-01 2.58E+15 3.21E+I1
Solid IFPs kg 3.30E-02 2.58E -02 3 .2 IE -06  W EP H eel in container
H N O , kg 1.10E-02 8.61E-03 1.07E-06 W1 Vol. 7.5 L
H ,0 kg 7.48E+00 5.85E+00 7.28E-04
U kg 1.00E-03 7.83E-04 9.73E-08
Sr-90 Bq 3.80E+O9 2.97E+09 3.69E+05
Ru-106 Bq 2 .4 2 E + 12 1.89E+12 2.35E+08
Sb-125 Bq 4.37E+09 3.42E+09 4.25E+05
Cs-134 Bq 2 .47E+10 I.94E+ 10 2.41E+06
C s-137 Bq 2.63E+10 2 .05E + I0 2.55E+06
C e -144 Bq 6.95E+10 5.44E+10 6.76E+06
tot. fiy Bq 4.95E+12 3.87E+12 4 .8 IE + 08
Pu a Bq 3.83E+08 3.00E+08 3.72E+04
to t a Bq 5.77E+08 4.51E+08 5.61E+04
Liquor H 20 m ‘ 8 . 10E-02 6.34E-02 7.88E-06 E jec to r dilution
Liquor H ,0 m '1 4.00E-02 3.13E-02 3.89E-06 P rocess w a te r
Outputs Composition Unit per container per day per TJ Receiver Notes
Solids IFP kg 4.49E+01 3.51E+01 4.36E-03 W EP C ake slurry exported  fo r encapsulation
Z rA  fines kg 3.00E-03 2.35E-03 2.92E -07 W1 1 m3 container
Pu kg 1.70E-02 2.67E-01 3.32E-05 M ass 972 .8  kg
Crud kg 2.13E-01 1.67E-01 2.07E-05 Vol. 936.1 L
total activity (s) kg 4.51E+01 3.53E+01 4.38E-03
Liquor H N O , kg 1.56E+OI 1.22E+01 1.51E-03 P u in IFPs =  16.9 g
H : 0 kg 9.11E+02 7 .12E+02 8.85E-02
U kg 1.67E+00 1.30E+00 1.62E-04 1 m3 container
Pu kg 1.70E-02 1.33E-02 1.65E-06 M ass 972 .8  kg
total activity (1) kg 9.28E+02 7.26E+02 9.02E-02 Vol. 936.1 L
Sr-90 Bq 5.21E+12 4.08E+12 5.07E+08
Ru-106 Bq 3.32E+15 2.60E+15 3.23E+11
Sb-125 Bq 6.00E+12 4.69E+12 5.83E+O8
Cs-134 Bq 3 .40E +I3 2.66E+13 3.30E+09
Cs-137 Bq 3 .61E +I3 2.82E+13 3 .5 IE + 09
C e -144 Bq 9 .54E + I2 7.47E+12 9.28E+08
to t. Py Bq 6.79E+15 5.32E + I5 6.61E+11
Pu a Bq 5 .26E + 11 4.11E +1I 5.1 IE+07
to t a Bq 7 .9 2 E + 1 1 6.20E+11 7.70E+O7
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Uranium/Plutonium Extraction and Partitioning (P5)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
H A  Colum n &  H S Colum n
Solvent extraction and associated solvent wash cycles, M ark 3, Revision 3
O FC PD C/P510
Septem ber 1991
Daily basis, 5 tonne U /day before irradiation 
U 0 .1 5 %
Pu 0.04 %
0.87 kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
Liquor u kg (250 g/1) 4.73E+O3 8.24E-01 H E P/SE P  Buffer tanks Vol. 19 mVday
Pu kg (2 .7  g/1) 5.11E+01 8.90E-03 P4
N p kg (123 mg/1 2.34E+00 4.06E-04
T c-99 Bq , 3.21E+12 5.59E+08
R u-106 Bq 3.63E+15 6.31E+11
C s-134 Bq 9.91E + I5 1.72E+12
Cs-137 Bq 2.09E+16 3.64E+12
C e -144 Bq 3.07E+15 5.34E + 11
1-129 Bq 1.29E+08 2.25E+04
Sr-90 Bq 1.50E+06 2.61E+02
to tal activity (1) Bq 1.29E+17 2.24E+13
IFPs kg 1.29E-01 2.24E-05
ZrA  fines kg 7.86E-06 1.37E-09
Fuel Crud kg 1.43E-03 2.49E-07
to tal activity (s) Bq 9.21E+12 1.60E+09
Gd kg 2.66E+01 4.64E-03
H N O : M 5.80E-03 1.01E-06
H N O , M 3.00E+00 5.22E-04
Reagent H N O , M 2.80E+OO 2.80E+00 Vol. 8 nv'/day
Solvent TB P/O K % 30 30 H A  solvent wash Vol. 53 m'Vday
R u-106 Bq 6.87E+10 1.20E+O7 W13.1
I - 129 Bq 7.94E+08 I.38E+05
Outputs Composition Unit per day per TJ Receiver Notes
Liquor U kg 5.00E-02 8.70E-06 S team  Strip Vol. 25.1 mVday
Pu kg 5.00E-02 8.70E-06 P5 .6
N p kg 7.79E-01 1.36E-04
T c kg 4.10E -02 7.13E-06
T c-99 Bq 2.60E+10 4.52E+06
Ru-106 Bq 3.77E+15 6 .5 6 E + 1 1
C s-134 Bq 9.91E+15 1.72E+12
Cs-137 Bq 2.09E+16 3.63E+12
C e -144 Bq 3.07E+15 5.34E+11
1-129 Bq 6.45E+07 1.12E+04
Sr-90 Bq 1.50E+I6 2.60E+12
Gd kg ( 1.03 g/1) 2.59E+01 4.50E-03
TB P kg 1.47E+01 2.56E-03
O K kg 7 .10E+00 1.24E-03
P 0 4 2" kg 1.20E-01 2.09E-05
H N O , M 2.70E+00 2.70E+00
Liquor U kg 4.75E+03 8.26E-0I 1 B X  Column Vol. 55.2 mVday
Pu kg 5.12E+01 8.90E-03 P5.3
N p kg 1.55E+00 2.69E-04
T c-99 Bq 3.19E+12 5.55E+08
R u-106 Bq 3.65E + I2 6.35E+08
Cs-134 Bq 2 18E+12 3.79E+08
C s-137 Bq 4.59E+12 7.99E+08
C e -144 Bq 9 .2 0 E + 1 1 I.60E+08
1-129 Bq 8.59E+08 1.49E+05
Sr-90 Bq 2.99E+12 5.20E+08
H N O , M  2 .00E -0! 2.00E-01
20
Uranium/Plutonium Extraction and Partitioning (F5)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
Steam Strip
Solvent extraction and associated solvent w ash cycles, M ark 3, Revision 3
OFCPD C/P510
Septem ber 1991
Daily basis, 5 tonne U /day before irradiation 
U 0.01 %
Pu 0.01 %
0.87 kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
Liquor u kg 5.00E-02 8.70E -06 H A  Column
Pu kg 5.00E-02 8.70E -06 P5
N p kg 7.79E-01 1.36E-04
To kg 4.10E-02 7.13E-06
T c-99 Bq 2.60E+10 4.52E+06
R u-106 Bq 3.77E+15 6 .5 6 E + 1 1
Cs-134 Bq 9.91E+15 1.72E+12
C s-137 Bq 2.09E+16 3.63E+12
C e-144 Bq 3.07E+15 5 .34E + 11
1-129 B q 6.45E+07 1.12E+04
Sr-90 Bq 1.50E+16 2.60E+12
G d kg (1.03 g/1) 2.59E+01 4.50E-03
TB P kg 1.47E+01 2.56E-03
OK kg 7.10E+00 1.24E-03
P 0 4 2" kg 1.20E-01 2.09E-05
H N O , M 2.70E+00 2.70E+00
Outputs Composition Unit per day per TJ Receiver Notes
Liquor u kg 5.00E-02 8.70E -06 HALES Stripped flow
Pu kg 5.00E-02 8.70E -06 W 4 Vol. 26.4 m’/day
Np kg 7.79E-01 1.36E-04
To kg 4 .10E-02 7.13E-06
Ru-106 Bq 3.77E+15 6 .5 6 E + 1 1
Cs-134 Bq 9.91E+15 I.7 2 E + I2
Cs-137 Bq 2.09E+16 3.64E+12
Ce-144 Bq 3.07E+15 5 .34E + 11
1-129 Bq 6.34E+07 1.10E+04
Sr-90 Bq I.50E+16 2.61E+12
Am-241 Bq 2.26E+14 3.93E+10
Cm-244 Bq 4.28E+14 7.45E+10
Fe kg 1.55E+00 2.70E-04
Gd kg 2.60E+OI 4.52E-03
Z r kg 2.22E+01 3.86E-03
M o kg 2.03E+01 3.53E-03
P 0 4 2" kg 2.25E-01 3.92E-05
H N O , M 2.60E+00 2.60E+00
U kg 4.20E-09 7 .3 IE - 13 SFE Condensate
Pu kg 4.20E-09 7.31E-13 W5 Vol. 14.7 m3/day
Np kg 6.50E-08 1.13E -11
Tc kg 3.50E-09 6.09E-13
kg 2.00E-07 3 .4 8 E -1 1
Cm kg 1.00E-08 1.74E-12
Ru-106 Bq 2.69E+10 4.68E+O6
Cs-134 Bq 8.30E+08 1.44E+05
C s-137 Bq 1.74E+09 3.03E+05
Ce-144 Bq 2.60E+08 4.52E+04
1-129 Bq I.I1E + 06 1.93E+02
Sr-90 Bq 1.25E+09 2.18E+05
TB P kg I.47E+0I 2.56E-03
OK kg 7.I0E + 00 I.24E-03
H N O , M 2.00E-02 2.00E-02
PO , kg 2.30E-OI 4.00E-05
to t. a  activity Bq 5.70E+07 9.92E+03
tot. P-5 activity Bq 3.00E+10 5.22E+06
Ancillary Services
Steam kg 1.64E+05 2.85E+01
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Uranium/Plutonium Extraction and Partitioning (P5)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
1 B X  Colum n/BS C olum n/B X X  C olum n/1C Colum n/OK wash 
Solvent extraction and associated solvent wash cycles, M ark  3, Revision 3 
O FCPD C/P510 
Septem ber 1991
Daily basis, 5 tonne U /day before irradiation 
U  0.03 %
Pu 0 .77  %
0.87 kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
Liquor u kg 4.75E+03 8.26E-01 H A  Colum n Vol. 55.2 m’/day
Pu kg 5.12E+01 8.90E-03 P5.2
N p kg 1.55E+00 2.69E-04
T c-99 Bq 3.19E+12 5.55E+08
R u-106 Bq 3.65E+12 6.35E+08
C s-134 Bq 2.18E+12 3.79E+08
C s-137 Bq 4.59E+12 7.99E+08
C e-144 Bq 9 .20E + 11 1.60E+08
1-129 Bq 8.59E+08 1.49E+05
Sr-90 Bq 2.99E+12 5.20E+08
H N O , M 2.00E-01 4.75E+03
Reagent H N O , M 1.00E+00 1.00E+00 1BX column, P5.3
N 2H4H N O 5 M 2.00E-01 2.00E-01 Vol. 2 .4  m’/day
U kg (60  g /1) 1.44E+02 2.51E -02
Reagent H N O , M 1.00E+00 1.00E+00 1BX column, P5.3
N 2H .H N O , M 1.30E+00 1.30E+00 Vol. 1.5 m’/day
R eagent H N O , M 1.00E+00 1.00E+00 1BX column, P5.3
N 2R ,H N O , M 2.00E-01 2.00E-01 Vol. 0.8 m’/day
u kg (60  g /1) 4.80E+01 8.35E-03
Reagent H N O , M 1.00E-01 1.00E-01 1 B X X  M ixer-settler, P5.7
N 2H .H N O , M 2.00E-01 2.00E-01 Vol. 9.2 m’/day
U kg (6.7 g/1) 6.16E+01 1.07E-02
Reagent H N O , M I.00E-02 1.00E-02 1C M ixer-settler, P5.8
Vol. 71 m’/day
Solvent TB P/O K % 30 30 H A  solvent wash Vol. 20 .8  m’/day
R u -106 Bq 2.70E+10 4.70E +06 W I3.1
1-129 Bq 3.I2E-r08 5.43E+04
Reagent OK % 100 100 H A  OK  wash, P5.5
Vol. 0 .555 m’/day
Outputs Composition Unit per day per TJ Receiver Notes
Liquor u kg 7.50E-02 1.31E-05 H A  solvent wash Vol. 74 .7  m’/day
Pu kg 1.00E-04 I.74E -08 W 13.1
N p kg 7.50E-05 1.3 IE -08
R u-106 Bq 1.11E+12 1.93E+08
1-129 Bq I.16E+09 2.02E+05
H N , M 8.50E-03 8.50E-03
H N O , M 1.00E-03 1.00E-03
Liquor U kg (69  g/1) 5.O0E+O3 8.70E-01 Uranium  Purification Vol. 72 .7  m’/day
Pu kg (0.22  m g/ 1.62E-02 2.82E -06 P 6
N p kg  (20  mg/1) 1.48E+00 2.58E-04
T c-99 Bq 8.40E+O9 1.46E+06
R u-106 Bq 2 .22E + 1 1 3 .86E+07
C s-134 Bq I.60E + 11 2.78E+O7
C s-137 Bq 3 .36E + 11 5.85E+07
C e-144 Bq 9.70E+10 1.69E+07
1-129 Bq 6.00E+06 1.04E+03
H N , M 3.60E-03 3.60E-03
H N O , M 6.00E-02 6.00E-02
Liquor U kg 2.25E+00 3 .9 IE -04  Plutonium  Purification Vol. 14.1 m’/day
Pu kg (3.6 g/1) 5.08E+01 8.83E-03 P7
N p kg 7.80E-02 1.36E-05
T c-99 Bq 3.18E+12 5.53E+08
R u-106 Bq 2.32E+12 4.04E+08
Cs-134 Bq 2.02E+12 3.51E+08
Cs-137 Bq 4.25E+12 7.40E+08
C e-144 Bq 8 .20E +11 1.43E+08
1-129 Bq 6.00E+06 1.04E+03
Sr-90 Bq 2.99E+12 5.20E+08
H N , TRA CE
N H iN O , M 1.30E-02 1.30E-02
N 2H4H N O , M 1.70E-01 1.70E-01
H N O , M 1.05E+00 1.05E+00
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Unit process/system Uranium Purification
Reference Solvent extraction and associated solvent w ash cycles, M ark  3, R evision 3
Ref. Code OFCPD C/P510
Date Septem ber 1991
Functional unit o f original data Daily basis, 5 tonne U /day before irradiation
Mass Balance U 0 %
Pu 0.41 %
Assumptions 0.87 kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
Liquor u kg (69  g/1) 5.00E+03 8.70E-01 Chemical Separation Vol. 72 .7  m’/day
Pu kg (0 .22  mg/1) l .625-02 2.825-06  P5
N p kg (20  mg/1) 1.48E+00 2.58E-04
T c-99 Bq 8.40E+09 1.465+06
R u-106 Bq 2 .2 2 E + 1 1 3.86E+O7
C s-134 Bq 1.60E+11 2.78E+07
Cs-137 Bq 3.36E+11 5.85E+07
Ce-144 Bq 9.70E+10 1.69E+07
1-129 Bq 6.00E+06 1.04E+03
H N , M 3.60E-03 3.60E-03
H N O , M 6.00E-02 6.00E-02
Reagent H N O , M 6.00E+00 6.00E+00 Conditioning Vol. 27 .9  m’/day
Solvent T B P/O K % 20 20 U P  Solvent W ash U P  I (5 ) , P6.4
R u-106 Bq 1.88E+09 3 .275+05 W 13.2 Vol. 88 m’/day
R eagent H N O , M 1.S0E+00 1.50E+00 U P 1 (S ), P6.5
N H :O H H N O , M 3.00E-01 3.00E-01 Vol. 11.1 m’/day
Solvent TB P/O K % 20 20 U P Solvent W ash U P 2 (5 ) , P6.6
R u-106 Bq 7.I0E + 0S 1.24E+05 W 13.2 Vol. 33 m’/day
R eagent H N O , M 3.00E-01 3 .0 0 5 -0 1 UP 2 (S), P6.7
N H -O H H N O , M I.00E-01 1.005-01 Vol. 12.8 m’/day
Reagent H N O , M 1.00E-02 1.005-02 UP 3, P6 8
Vol. 101 m’/day
Outputs Composition Unit per day per TJ Receiver Notes
Liquor U kg 5.00E-02 8 .705-06  SFE From  UP1
Pu kg 1.61E-02 2 .805-06  W5 Vol. 113.8 m’/day
N p kg 1.47E+00 2 .565-04
T c kg 1.15E-02 1.995-06
T c-99 Bq 7.20E+09 1.255+06
R u-106 Bq 2.13E+I1 3 .715+ 07
C s-134 Bq 1.58E+11 2 .755+07
C s-137 Bq 3 .32E + 11 5.785+07
C e-144 Bq 9.60E+10 1.675+07
tot. a  activity Bq 2 .70E + 11 4 .705+ 07
to t. P-5 activity Bq 7.80E+12 1.365+09
Fe kg 2.20E-0I 3 .835-05
T B P kg 3.40E+01 5.925-03
OK kg 3.80E+01 6.615-03
NH4NO, kg 2.10E+01 3.655-03
N a kg 4.00E-02 6 .965-06
N H -O H kg 1.30E+02 2 .265-02
D TPA kg 1.00E-02 1.745-06
A rsenazo III kg 2.00E-04 3.48E-08
C hloroacetic acid kg 2.27E-01 3.955-05
N H -O H H N O , M 3.50E-02 3 .505-02
H N O , M 1.60E+00 1.60E+00
Liquor U kg 2.00E-02 3 .485-06  SFE From  UP2
Pu kg 1.50E-04 2 .615-08  W5 Vol. 13 m’/day
Np kg 9.63E-03 1.685-06
Tc kg 1.00E-05 1.745-09
T c-99 Bq 3.70E+07 6.445+03
R u -106 Bq 2.93E+09 5.105+05
C e-144 Bq 9.00E+08 1.575+05
tot. a  activity Bq 2.40E+09 4.185+05
tot. P-5 activity Bq 6.80E+10 1.185+07
Fe kg 2.60E-02 4.525-06
TBP kg 3.90E+00 6.795-04
O K kg 4.40E+00 7.665-04
NH4NO, kg 7.05E+00 1.235-03
N a kg 2.20E-02 3.835-06
N H 2OH kg 4.20E+01 7.315-03
D TPA kg 1.00E-02 1.745-06
A rsenazo III kg 2.00E-04 3.485-08
C hloroacetic acid kg 2.27E-01 3.955-05
N H -O H H N O , M 1.00E-01 1.005-01
H N O , M 8.00E-01 8 .0 0 5 -0 1
24
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Liquor U kg 6.00E-02 1.04E-05
N p kg 8.20E-05 1.43E-08
Pu kg 5.00E-06 8.70E-10
T c-99 B q 3.40E+08 5.92E+04
R u-106 Bq 4.44E+09 7.73E+05
H N , M 1.50E-03 1.50E-03
H N O , M 1.00E-03 1.00E-03
U kg (49 g/1) 5.00E+03 8.70E-01
Pu kg 1.10E-05 1.91E-09
N p kg 1.60E-04 2.78E-08
U 0 2(N 0 ,) : kg 8.26E+03 1.44E+00
(U to t) kg 4.29E+03 7.47E-01
h 2o kg 1.00E+05 1.75E+01
H N O , kg 2.17E+02 3.77E-02
TB P kg 3.89E+01 6.76E-03
OK kg 4.91E+01 8.55E-03
H N , kg 2.69E+00 4.68E-04
T c-99 Bq 8.60E+08 1.50E+05
R u-106 Bq 4.44E+09 7.73E+05
Ce-144 Bq 9.70E+07 1.69E+04
C s-137 +  Cs-134 Bq 5.00E+07 8.70E+03
H N , M 7.70E-04 7.70E-04
H N O , M 3.00E-02 3.00E-02
Ancillary Services
LPS kg 1.18E+05 2.04E+01
W 13.2
V ol. 121 m3/day
Vol. 102.7 m3/day
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Plutonium Purification (P7)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
Plutonium  Purification
Solvent extraction and associated solvent wash cycles, M ark  3, Revision 3
O FC PD C/P510
06/09/91
Daily basis, 5 tonne U /day before irradiation 
U  0.27 %
Pu 0.54 %
0.87 kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
Liquor U kg 2.25E+00 3 .9 IE -04  Chemical Separation Vol. 14.1 m’/day
Pu kg (3.6 g/1) 5.08E+01 8.83E-03 P5
Np kg 7.80E-02 1.36E-05
Tc-99 Bq 3.18E+12 5.53E+08
Ru-106 Bq 2.32E+12 4.04E+08
Cs-134 Bq 2.02E+12 3.51E+08
Cs-137 Bq 4.25E+12 7.40E+08
Ce-144 Bq 8 .2 0 E + 1 1 1.43E+08
1-129 Bq 6.00E+06 1.04E+03
Sr-90 Bq 2.99E+12 5.20E+08
h n 3 TR A C E
n h , n o 3 M 1.30E-02 1.30E-02
N2H4HNO:) M 1.70E-01 1.70E-01
H N O , M 1.05E+00 1.05E+00
Reagent H N 0 3 M 1.20E+01 1.20E+01 Conditioning (P7.1) Vol. 3 .7  m’/day
Gas N O x kg 5.27E+02 9.17E-02 N O x conditioning (P7.2)
N2 kg 3.81E+02 6.63E-02
Air kg 5.25E+02 9.14E-02 A ir sparge (P7.3)
Reagent HNO ] M 1.00E+00 1.00E+00 PP1 colum n (P7 .5) Vol. 2.2 m’/day
Solvent TB P/O K % 30 30 PP Solvent wash P P I column
R u -106 Bq 8.80E+09 1.53E+06 W 13.3 Vol. 6.4 m’/day
Reagent H N O , M 4.00E -0I 4.00E-01 PP2 column (P7.6)
N H :O H H N O ] M 1.00E-01 1.00E-01 Vol. 6.4 m’/day
Reagent O K m3 2.56E -0I 4.45E-05 O K  W ash (P7.7)
Reagent H N O , M 1.20E+01 1.20E+0! N O x absorption (P7.4)
Outputs Composition Unit Daily Receiver Notes
Gas NOx kg 4.50E+01 7.83E-03 CO G W eight ca 900  kg
1-129 Bq 5.8OE+O6 1.01E+03 N O x ca 5%  o f  feed
Liquor Pu kg (1 mg/1) 2.00E-02 3.48E -06 SFE P P I colum n (P7.5)
U kg  (0 .250  mg/1) 5.00E-03 8.70E-07 W5 Vol. 20 m’/day
N p kg  (1.3 mg/1) 2.60E-02 4.52E -06
T c kg 5.01E+00 8.71E-04
Am kg 5.00E-04 8.70E-08
Cm kg 3.00E-05 5.22E-09
Tc-99 Bq 3.15E+12 5.48E+O8
Ru-106 Bq 2.27E+12 3.95E+08
1-129 Bq 7.00E+05 1.22E+02
Cs-134 Bq 2.02E+12 3.51E+08
Cs-137 Bq 4 .25E + I2 7.40E+08
Ce-144 Bq 8 .20E + 11 1.43E+0S
Sr-90 Bq 3.00E+12 5.22E+08
to t. a  activity Bq 4.3 0 E + 1 1 7.48E+07
tot. P-5 activity Bq 2.40E+13 4 .I8E + 09
Z r kg 4.50E-01 7.83E-05
Fe kg 4.00E-02 6.96E-06
TBP kg 6.70E+00 1.I7E-03
OK kg 5.40E+00 9.40E-04
N H iN O ] kg 1.07E+02 1.87E-02
N a kg I.80E-02 3.13E-06
NH4NO] M 6.90E-02 6.90E-02 1.4 kg mole
HNO., M 2.23E+00 2.23E+00
Liquor Pu kg (1.8 mg/1) 1.20E-02 2.09E -06 PP  Solvent wash PP2 column (P7.6)
U kg (168 mg/l) 1.13E+00 1.96E-04 W 13.3 Vol. 6.68 m’/day
Np kg  (0.075 mg/l) 5.00E-04 8.70E-08
Ru-106 Bq 4.64E+10 8.08E+O6
H N O , M 7.00E-02 7.00E-02
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Plutonium Purification (P7)
Liquor
Pu kg 2.00E-03 3.48E -07 SFE
U kg 4.50E-05 7.83E -09 W5
to t FPs Bq 3.30E+08 5.74E+04
tot. a  activity Bq 2.90E+10 5.05E+06
tot. (3-5 activity Bq 8.60E + 11 1.50E+08
Fe kg 1.30E-02 2.26E-06
H N O , M 1.10E+O0 1.10E+00
Pu kg 5.00E-04 8.70E-08 SFE
tot. a  activity Bq 7.30E+09 1.27E+06 W5
to t. P-5 activity Bq 2.10E+11 3.65E+07
Fe kg 2.40E-03 4.18E-07
H N O , M 3.40E-01 3.40E-01
Pu kg (300 g/1) 5.10E+01 8.87E-03 Plutonium  finishing
U kg 1.13E+00 1.96E-04 P9
N p kg 5.16E-02 8.98E-06
Am kg (0.13 g/1) 2 .21E-02 3.85E-06
T c-99 kg 5.08E-02 8.84E-06
R u-106 kg (4.6e-7 g/1) 7.82E-08 1.36E -11
R u-106 Bq (0.23 G B q/kg Pu) 1.17E+10 2.04E+06
to t FPs Bq (0 .37  G B q/kgPu) 1.89E+10 3.28E+06
H N O , M 5.00E+00 5.00E+00
Pu E vaporator (P7.8) 
Vol. 6 .7  m'Vday
N O x conditioning (P7.4)
Vol. 1.2 m3/day
D ata obtained from  W 5 (O FC PD C/P530)
Vol. 0 .17  m’/day
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Uranium Finishing (P8)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
Uranium finishing
TH O RP H ead End & chemical separation plant. Rev. 1 
PFD  O /PR/050995 
N ovem ber 1990
Daily basis, 5 tonne U /day before irradiation 
U  0 %
Pu 0 %
0.87 kg  U/TJ
Inputs Composition Unit per day ^ er  TJ Source Notes
u kg 5.00E+03 8.70E-01 Uranium  purification U N  feed
Pu kg 1.10E-05 1.91E-09 P6 Vol. 102.39 m’/day
N p kg I.60E-04 2.78E-08
UO:(NO,h kg 8.26E+03 1.44E+00
(U to t) kg 4.29E+03 7.47E-01
H 20 kg 1.00E+05 1.75E+01
H N O , kg 2.17E+02 3.77E-02
TB P kg 3.89E+01 6.76E-03
OK kg 4.9IE + 01 8.55E-03
H N , kg 2.69E+00 4.68E-04
T c-99 Bq 8.60E+08 1.50E+05
R u-106 Bq 4.44E+09 7.73E+05
C e-144 Bq 9.70E+07 1.69E+04
C s-137 +  Cs-134 Bq 5.00E+07 8.70E+03
H N , M 7.70E-04 7.70E-04
H N O , M 3.00E-02 3.00E-02
U N  (400 g/1) kg 6.08E+05 1.06E+02 L ow  enriched UN Vol. 1520 m’/day
H -SO , kg 6.11E+00 I.06E-03 Feed to  TO N
H 20 kg 3.90E-01 6.79E-05 Vol. 3 .53e-3 m’/day
N a O H (1 0 % ) kg 1.36E+03 2.37E-01 Scrubber
H 20 kg 1.21E+04 2 .1 1E+00 Vol. 12.14 m’/day
Outputs Composition Unit per day per TJ Receiver Notes
Solvent TB P kg 6.22E+00 1.08E-03 Uranium  purification R ECY CLE
OK kg 3.34E+01 5.80E-03 P6 Vol. 0.0501 m’/day
U kg 2.75E-01 4.79E-05 LAE Process condensate
U 0 2(N 0 ,)2 kg 4.59E-01 7.99E-05 W 6 Vol. 98.47 m’/day
(U to t) kg 2 .38E -0I 4 .I5E -05 NB P o o r m ass balance with inputs
h 2o kg 9.84E+04 I.71E+01 recorded for acidic LA E  in W 6
H N O , kg 2.90E-01 5.05E-05
TB P kg 3.26E+01 5.67E-03
OK kg 1.58E+01 2.74E-03
H N , kg 2.69E+00 4.68E-04
T c-99 Bq 4.44E+04 7.73E+OO
R u-106 Bq 2.45E+05 4.26E+01
U -235 Bq 2.30E+O3 4.00E -0!
to t. a  activity Bq 2.80E+07 4.87E+O3
to t. p  activity Bq 5.30E+05 9.23E+01
specific Py activity Bq 1.05E+05 1.83E+01
H 20 kg I.18E+05 2.04E+01 LA E 
W 6
Process condensate from  stream  stripping
U kg I .U E -0 4  . 1.93E-08 CO G Vessel vent from  overhead condenser
U 0 2(N 0 ,)2 kg 1.84E-04 3.20E-08 W 9 Vol. 1089.27 m’/day
(U to t) kg 9.56E-05 I.66E-08
h 2o kg 7.06E+01 1.23E-02
Air kg 1.09E+03 1.90E-01
T c-99 Bq I.77E+01 3.08E-03
Ru-106 Bq 9.98E+01 1.74E-02
U-235 Bq 9.30E -0I 1.62E-04
to t. a  activity Bq 1.12E+04 I.95E+00
to t. P activity Bq 2 .IIE + 0 2 3.67E-02
specific py activity Bq 1.94E-01 3.38E-05
30
Uranium Finishing (P8)
u o , kg 5.97E+03 1.04E+00 Drum  filling
u kg 4.99E+03 8.68E-01
Pu kg 1.06E-05 1.84E-09
Np kg 1.59E-04 2.77E-08
U 0 2 (N 0 3h kg 4.13E+01 7.19E-03
(U tot) kg 4.99E+03 8 .6 8 E -0 1
H 20 kg 3.02E+01 5.26E-03
H2SO4 kg 6 .11E+00 1.06E-03
Tc-99 Bq 7.98E+08 1.39E+05
R u-106 Bq 2.02E+09 3.S2E+05
U-235 Bq 4.19E+07 7.28E+03
tot. ct activity Bq 5 .04E + 11 8.77E+07
to t. P activity Bq 7.05E+09 1.23E+06
specific Py activity Bq 4.78E +09 8.32E+05
U kg 1.00E-03 1.74E-07 TH O RP stack
n 2 kg 2.15E+04 3.75E+00
0 2 kg 6.96E+03 1.21E+00
N O kg 1.74E+01 3.03E-03
N O ; kg 1.74E+00 3.03E-04
Ru-106 Bq 1.23E+06 2.14E+02
U-235 Bq 8.39E+00 1.46E-03
tot. a  activity Bq 1.00E+05 1.74E+01
to t. p  activity Bq 1.23E+06 2.14E+02
specific Py activity Bq 5.06E+01 8.80E-03
H 20 kg 1.34E+04 2.34E+00 LAE
N aOH kg 2.29E+02 3.98E-02 W 6
N a N 0 2 kg I.47E+03 2.55E-01
N aN O j kg 6.03E+02 1.05E-0I
R u-106 Bq I.22E+08 2.12E+04
tot. p  activity Bq 1.22E+08 2.12E+04
specific Py activity Bq 8.62E+06 l.SOE+03
H 20 kg 2.32E+03 4.04E-01 SFE
HN O , kg 1.02E+03 1.77E-01 W5
Ru-106 Bq 2.34E+09 4.08E+05
to t. P activity Bq 2.34E+09 4.08E+05
specific Py activity Bq 8.21E+08 1.43E+05
UO i product 
Vol. 1.47 m'Vday
Vol. 24385.29  mVday
Spent caustic soda 
Vol. 14.17 mVday 
NB P o o r mass balance w ith inputs 
recorded fo r alkaline L A E  in W 6
O ff gas condensate from  TO N  
Vol. 2 .86  mVday 
NB P o o r m ass balance w ith inputs 
recorded fo r SFE in W5
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Plutonium Finishing (P9)
Unit process/system Plutonium  finishing
Reference TH O RP product finishing line, the  conversion o f  plutonium nitrate to  plutonium  oxide, rev. 2
Ref. Code O FCPDC/P373
Date June 1989
Functional unit o f original data Daily basis, 5 tonne U /day before irradiation
Mass Balance U 0.2  %
P u 0.71 %
Assumptions 0.87  kg  U/TJ
Inputs Composition Unit per day per TJ Source Notes
Pu kg  (300  g/1) 5.10E+01 8.87E-03 Pu  purification V ol. 0 .17  m'Vday
U kg  (2.21 g/1) 1.13E+00 1.96E-04 P7
Np kg (0.31 g/1) 5.16E-02 8.98E-06
kg (0.13 g/1) 2.21E-02 3.85E-06
T c-99 kg (0.3 g/1) 5.08E-02 8.84E-06
R u-106 kg (4 .6e-7  g/1) 7.82E-08 1.36E-11
R u-106 Bq (0.23 GBq/k 1.17E+10 2.04E+06
to t FPs Bq (0 .37  GBq/k 1.89E+10 3.28E+06
H N O , M 5.00E+00 8.70E-04
h : o 2 kg (30  w /o) 5.69E+0I 9.90E-03 Conditioning (P 9 .1 ), Vol. 0.0511 m'Vday
H N O , kg (3 M ) 1.21E+02 2.1 IE-02 Dilution (P9.2), Vol. 0 .110  m'Vday
H 2C2O ,( 0 .6 M ) kg 8.04E+02 1.40E-01 Precipitation (P9 .3), Vol. 0 .784 mVday
H N O , (0.6 M ) kg 5.40E+02 9.40E-02 Filtration w ash (P 9 .4), Vol. 0.511 mVday
H N O , (3M ) kg 6.74E+02 1.17E-01 Filtration backw ash (P9.4), Vol. 0.613 mVday
A rgon kg 2.80E+00 4.87E-04 Calcination (P9 .6), Vol. 1.56 m'Vday
H N O , kg 5.07E+02 8.81E-02 Disentrain &  coo l (P9 .7), Vol. 0.375 mVday
H N O , (12 M ) kg 8.57E+01 1.49E-02 O xalic acid destruction  (P9.9),
Vol. 0 .065 m 3/day
Outputs Composition Unit per day per TJ Receiver Notes
Pu kg 5.08E+01 8.85E-03 Product Vol. 0.053 mVday
PuO : kg 5.77E+0I 1.00E-02
U kg 3.75E-03 6.53E-07
Np kg 1.30E-02 2.26E-06
kg 2.09E-02 3.63E-06
Tc-99 kg 1.28E-02 2.22E-06
R u-106 kg 7.80E-10 1.36E-I3
Pu kg (3.94 g/1) 2.60E-01 4.52E-05 H EP/SEP buffer tanks M other liquor fo r recycling
U kg (5.604 g/1) 1.11E+00 I.93E-04 P4 Vol. 0.065 m'Vday
N p kg (0.588 g/1) 3.82E-02 6.65E-06
kg (0 .0 0 6 1 g/1) 3.97E-04 6.90E-08
T c-99 kg (0.577 g/1) 3.75E-02 6.53E-06
R u-106 k g (1 .2 e -6 ) 7.80E-08 .I.3 6 E -1 1
H N O , M 1.24E+01 2.16E-03
h 2c 2o 4 M 7.00E-03 1.22E-06
k M n 0 4 M 2.20E-04 3.83E-08
N H 2SO ,H M 3.60E-04 6.26E-08
Pu kg 1.20E-03 2.09E-07 SFE O M L  evaporator condensate (P9 .8)
U kg 3.29E-03 5.72E-07 W 5
Np kg 1.80E-04 3.13E-08 Vol. 2 .990  mVday
kg 1.94E-06 3.38E-10
Tc-99 kg 1.70E-04 2.96E-08
Ru-106 kg 3.30E-10 5.74E-14
H N O , M 3.00E+00 5.22E-04
tot. a  activity Bq 1.80E+10 3.13E+06
tot. P-5 activity Bq 5.20E + 11 9.05E+07
Fe kg 7.00E-03 1.22E-06
33
r iu ton iu m  Jfinishing (l'y)
0 2 m’ 6.49E+00 1.13E-03 C O G  O ff-gas from conditioning (see N o te  I)
N 2 m’ 2 .33E+00 4.05E-04 W 9 Vol. 8.82 m'Vday
N , m'1 3.89E+02 6.77E-02 C O G  Cabinet ex tract (see N o te  2)
0 2 m'1 I.02E + 02 1.77E-02 W 9 FurnaceofF-gas
A rgon m’ I.55E+00 2.70E-04 Vol. 574.6 m'Vday
H20  m’ 6.32E+01 1.10E-02
C o  m'1 6.32E+00 1.10E-03
C 0 2 m’ 1.26E+01 2.20E-03
C a lc u la tio n  from  V olum e %
v/o m3
N ote  1 0 2 73.60 6 .49
N :_____________________________ 26.40  2.33_______________
100.00 8.82
N ote 2 N 2 67.70 389.00
0 2 17.70 101.70
A rgon 0 .27  1.55
H 20  11.00 63.21
C o 1.10 6.32
C 0 2_____________________________ 2.20  12.64_______________
total 99.97 574.43
34
Total THORP Reagents/Gases/Utilities
Unit process/system 
Reference
Ref. Code 
Date
Functional unit of original data 
Assumptions
R eagents/gases/utilities
Inactive Service T rench N orth  o f  TH O RP
Process Diagram
O /PR/369949
M ay 1989
Daily basis &  hourly basis 
A verage figures 
0.87  kgU//U 
24 hours/day 
365 days/year
T H O R P throughput 1200 tonne U/day
Consumption Type Unit per day or hr per TJ Notes
Reagents N itric Acid kg 26283.300 6.96E+00 12 M  (56  % )
m3 1.94E+01 5.12E-03
Sodium  Carbonate kg 1.68E+04 4.44E+00
m 3 1.63E+01 4.32E-03
Sodium  H ydroxide kg 1.27E+04 3.36E+00 7.2  M  (23% )
m3 I.01E+01 2.67E-03
Sodium  Nitrite kg 4.66E+O3 I.23E+ 00 6.5 M  (3 6 % )
m3 3.73E+00 9.87E-04
O dourless Kerosene kg 8.43E+02 2.23E-0I
m ' 1.07E+00 2.83E-04
Gases H ydrogen kg/h 3.09E+00 1.96E-02
m3/h 7.20E-01 4.57E-03
N itrogen kg/h 630.000 4.00E+00
m3/h 58.880 3.74E-01
A rgon kg/h 9.00E+01 5.72E-01
mVh 4 .8 IE + 0 0 3.05E-02
Utilities L P steam kg/h 3 .I1E + 04 1.98E+02
m 3/h 1.52E+04 9.68E+01
H P steam kg/h 3.70E+03 2.35E+01
m ’/h 8.04E+02 5 .1 1E+00
D om estic H 20 kg/h 1.29E+02 8 .19E-01
m3/h I.30E-01 8.26E-04
Demin. H 20 kg/h 1.99E+04 1.26E+02
m ’/h 1.99E+01 1.26E-01
R1 (w a s t)H 20 kg/h 2.03E+02 1.29E+00 Used as backup for D M W  &  cooling w ater
m '/h 0.200 1.27E-03 Flow  is static w /no flow  for long periods
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Unit process/system 
Reference
Ref. Code 
Date
Functional unit o f original data 
Mass Balance
Assumptions
Encapsulation o fL W R  Hulls
Process flowsheet fo r the encapsulation o fL W R  Hulls
O/PR/636657
E P2 DC (91) P326
Septem ber 1992
1 Drum
U  1.61 %
Pu 2.58 %
1 container with leached hulls from  P3 =  1.2 drum s fo r grouting, hence 
4  containers o f  leached hulls/day =  4 .8  drums fo r grouting/day 
T H O RP Head End throughput 7 tonne U /day before irradiation 
0 .87  kg  U/TJ
1 drum 1.2 drums 4.8 drums |
Inputs Composition Unit per drum per container per day per TJ Source Notes 1
Cladding kg 6.90E+02 2.76E+03 3.43E-01 Hulls M onitoring C ontainer o f  hulls and liquor
Z rA  fines kg 1.20E+00 4.79E+00 5.95E-04 P3 M ass 1600.2 kg
IFPs kg 4.97E-01 1.99E+00 2.47E-04 Vol. 1001 L
Crud kg I.37E + 00 5.48E+00 6.81E-04
Residual fuel kg 1.01E+00 4.03E+00 5.0 IE-04
to t act. solids kg 6.94E+02 2.78E+03 3.45E-01
H N O , kg I.53E+ 0I 6 .11E+01 7.59E-03
h 2o kg 8.88E+02 i  3.55E+03 4.41E-01
U kg 3.23E+00 1.29E+01 1.60E-03
Pu kg 3.40E-02 ' 1.36E-01 1.69E-05
Fe-55 Bq 4.18E+13 1.67E+14 2.08E+10
C o-60 Bq 8.69E+13 3.47E+14 4.32E+10
Ni-63 Bq 1.60E+13 i 6.40E+13 7.96E+09
Sr-90 Bq 1.18E+13 1 4.72E+13 5.87E+09
R u-106 Bq 4.30E+13 1.72E+14 2.14E+10
Cs-134 Bq 9.42E+12 I 3.77E+13 4.68E+09
Cs-137 Bq 3.14E+13 1.25E+14 1.56E+10
O ther Py Bq 1.32E+14 5.28E+14 6.57E+10
to t py Bq 3.72E+14 1.49E+15 1.85E +11
to t a Bq 1.12E+12 4.46E+12 5.54E+08
N itrogen kg 4.31E+01 5.17E+01 2.O7E+02 2 .57E -02 N itrogen  purge
37000 L
BFS kg 5.31E+02 6.37E+02 2.55E+03 3.17E-01 B FS/O PC  cem ent g rou t
OPC kg 8.05E+01 9.66E+01 3.86E+02 4 .80E -02 M ass 831.7 kg
H20 kg 2.20E+02 2.64E+02 1.06E+03 1.31E-01
PFA kg 1.88E+01 2.26E+01 9.02E+01 1.12E-02 PFA /O PC capping g rou t
OPC kg 6.20E+00 7.44E+00 2.98E+01 3.70E-03 M ass 35.9 kg
H20 kg 1.09E+01 1.31E+0I 5.23E+01 6.50E-03
1 drum 1.2 drums 4.8 drums
Outputs Composition Unit per drum per container per day per TJ Receiver Notes
Z rA  fines kg 2.30E-02 9.20E-02 1.14E-05 TH O RP R eturn o f  flask
IFPs kg 4.83E-01 1.93E+00 2.40E-04 M ass 894.64 kg
Crud kg 2.70E-02 I.08E-01 1.34E-05
tot. act. solids kg 5.33E-01 2 .I3E + 00 2.65E-04
H N O , kg 1.49E+01 5.94E+01 7.38E-03
H: 0 kg 8.76E+02 3.50E+03 4.36E-01
U kg 3.14E+00 1.25E+01 1.56E-03
Pu kg 3.30E-02 1.32E-01 1.64E-05
C o-60 Bq 1.00E+10 4.00E+10 4.97E+06
Sr-90 Bq 9.78E+12 3.91E+13 4.86E +09
R u-106 Bq 3.83E+13 1.53E+14 1.90E+10
C s-134 Bq 6 .41E + I2 2.56E+13 3.19E+09
C s-137 Bq 1.41E+13 5.66E+13 7.03E+09
O ther Py Bq 5.33E+13 2.13E+14 2.65E +10
to t py Bq I.22E+14 4.88E+14 6.06E+10
to t a Bq 1.01E+12 4.03E+12 5.01E+08
37
Waste Encapsulation f ia n t (W l)
Ancillary
Cladding kg 5.76E+02 6.91E+02 2.76E+03 3.44E-01 S torage
Z rA  fines kg 6.15E-01 7.38E-01 2.95E+00 3.67E-04
IFPs kg 4.00E-03 4.80E-03 1.92E-02 2.39E-06
Crud kg 7.03 E-01 8.44E-01 3.37E+00 4.19E-04
Residual fuel kg 8.39E-01 1.01E+00 4.03E+0O 5.0 IE -04
tot. act. solids kg 5.78E+02 6.94E+02 2.78E+03 3.45E-01
H N O , kg 1.06E-0I 1.27E-01 5.09E-01 6.32E-05
H 20 kg 2.26E+02 2.72E+02 1.09E+03 1.35E-0I
U kg 2.30E-02 2.76E-02 1.10E-01 1.37E-05
Fe-55 Bq 3.S1E+13 4.22E+13 1.69E+14 2.10E+10
C o-60 Bq 7.26E+13 8.72E+13 3.49E + I4 4.33E+10
Ni-63 Bq 1.33E+13 1.59E+I3 6.36E+13 7.90E+09
Sr-90 Bq 1.44E+12 1.73E+I2 6.91E+12 8.59E+08
Ru-106 Bq 3.43E+12 4.12E+12 1.65E+13 2.05E+09
C s-134 Bq 2.21E+12 2.65E+12 1.06E+13 1.32E+09
C s-137 Bq I.40E+13 1.68E+13 6.70E+13 8.33E+09
O ther 0y Bq 6.41E+13 7.70E+13 3.08E+14 3.83E+10
to t  Py Bq 2.06E+14 2.47E+14 9.90E+14 1.23E+11
to t a Bq 7.30E+10 8.76E+10 3 .5 0 E + 1 1 4.35E+O7
BFS kg S.31E+02 6.37E+O2 2.55E+03 3.17E-01
PFA kg 1.88E+01 2.26E+01 9.02E+01 1.12E-02
O PC kg 8.67E+01 1.04E+02 4.16E+02 5.17E-02
H 20 kg 1.09E+01 1.31E+01 5.23E+01 6.50E-03
Z rA  fines kg 3.62E+00 4.41E-01 1.77E+00 2.19E-04
IFPs kg 1.40E-O2 I.71E-03 6.83E-03 8.49E-07
Crud kg 4.14E+00 5.05E-01 2.02E+00 2.51E-04
H N O , kg 4.17E -0I 5.09E-02 2.03 E-01 2.53E-05
h 2o kg 1.82E+02 2.22E+01 8.90E+01 1.11E-02
U kg 8.70E-02 I.06E-02 4.24E-02 5.27E-06
Pu kg I.00E-03 1.22E-04 4.88E-04 6.06E-08
Fe-55 Bq 3.00E+10 3.66E+09 1.46E+10 1.82E+06
C o-60 Bq 3 .5 0 E + 1 1 4.27E+10 1.71E+11 2.12E+07
Sr-90 Bq 2 .03E + I2 2.48E + 11 9.90E+11 1.23E+08
Ru-106 Bq 1.62E+12 1.98E+11 7 .9 0 E + 11 9.82E+07
C s-134 Bq 1.31E+12 1.60E+11 6 .3 9 E + 1 1 7.94E+07
C s-137 Bq 3.14E+12 3 .83E + 11 1.53E+I2 1.90E+08
to t py Bq 2.03E + I3 2.48E+12 9.92E+12 1.23E+09
to t ct Bq 2 .2 5 E + 1 1 2.74E + I0 I.1 0 E + 1 1 1.36E+07
N itrogen kg 4.31E+01 5.17E+01 2.07E+02 2.57E-02 Vent
HP steam kg 1.31E+01 1.57E+01 6.28E+01 7.8 IE-03
H P steam kg 2.32E+00 2.78E+00 1.11E+01 1.38E-03
H P steam kg 1.44E+01 1.72E+0! 6.89E+01 8.57E-03
H P steam kg 1.53E+00 1.84E+00 7.34E+00 9.13E-04
H P steam kg 5.19E+00 6.23E+00 2.49E+01 3.10E-03
M ass 1452.1 kg
Resuspended C oarse fines 
(every 8.2 drum  tip)
Vol. 37000 L
38
Waste Encapsulation Plant (W l)
Unit process/system 
Reference
Ref. Code 
Date
Functional unit o f original data 
Mass Balance
Assumptions
Encapsulation o f  C entrifuge cake slurry
Process flow sheet for the encapsulation o f  centrifuge cake slurry
O/PR/636651
EP2 DC (91) P326
Septem ber 1992
1 Drum from TH O R P = 4.2 export containers 
U 0.84 %
Pu 1 .1 8 %
1 container with centrifuge cake from  P3 = 4 .2  drum s for grouting 
Daily arisings o f  centrifuge cake  from P4 = 0.78 container, and this is 
3 .3 drum s for grouting/day
TH O RP Head E nd throughput 7 tonne U /day before irradiation 
0.87 kg U/TJ
4.2 drums 0.78 containers
Inputs Composition Unit per container per container per day per TJ Source Notes
IFP kg 4.49E+01 3.51E+01 4.36E-03 W EP container filling 1 m3 container
Z rA  fines kg 3.00E-03 2.35E-03 2.92E -07 P4 M ass 972.8 kg
Pu kg  (in IFPs) I.70E -02 2.67E-01 3.32E-05 Vol. 936.1 L
Crud kg 2.13E-01 1.67E-01 2.07E-05
to t act. solids kg 4.51E+01 3.53E+01 4.38E-03
H N O , kg 1.56E+01 1.22E+01 1.51E-03
H20 kg 9 .1 IE + 02 7.12E+02 8.85E-02
U kg 1.67E+00 1.30E+00 1.62E-04
Pu kg 1.70E-02 1.33E-02 1.65E-06
to t act. liquor kg 9.28E+02 7.26E+02 9.02E-02
Sr-90 Bq 5.2 IE + 12 4 .08E + I2 5.07E+08
R u-106 Bq 3.32E + I5 2.60E+15 3 .2 3 E + 1 1
Sb-125 Bq 6.00E+12 4 .69E + I2 5.83E+08
C s-134 Bq 3.40E+13 2.66E+13 3.30E+09
C s-137 Bq 3.61E +I3 2.82E+13 3.51E+09
C e-144 Bq 9.54E+12 7.47E+12 9.28E+08
to t. Py Bq 6.79E+15 5.32E+15 6 .6 1 E + 1 1
Pu a Bq 5.2 6 E + 1 1 4 .I1 E + 1 I 5 .11E+07
to t a Bq 7 .92E + 11 6 .2 0 E + 11 7.70E+07
nitrogen kg 4 .3 IE + 0 I 3.36E+01 4.I8E -03
per drum
lime kg 5.00E+00 2.I0E+O1 1.64E+01 2.04E-03 Lime addition
BFS kg 6.28E+02 2.64E+03 2.06E+03 2.56E-01 C em ent pow der. Vol. 601.3 L
OPC kg 6.07E+01 2.55E+02 1.99E+02 2.47E-02
PFA kg 4.77E+01 2.00E+02 1.S6E+02 1.94E-02 Capping grou t. Vol. 55.38 L
OPC kg 1.58E+01 6.64E+01 5.18E+01 6.43E-03
H 20 kg 2.76E+01 1.16E+02 9.04E+01 1.12E-02
4.2 drums 0.78 containers
Outputs Composition Unit per container per container per day per TJ Receiver Notes
IFP kg 3.30E-02 2.57E-02 3.20E -06 TH O RP Returned container contents
H N O , kg 1.I0E-02 8.58E-03 1.07E-06 P4 M ass 7.526 kg
H ,O kg 7.48E+00 5.84E+00 7.25E-04 Vol. 7.5 L
U kg I.00E-03 7.80E-04 9.69E-08
Sr-90 Bq 3.80E+09 2.96E+O9 3.68E+05
R u -106 Bq 2.42E+12 1.89E+12 2.34E+08
Sb-125 Bq 4.37E+09 3.41E+09 4.24E+05
Cs-134 Bq 2.47E+10 I.93E+10 2.40E+06
Cs-137 Bq 2.63 E + 10 2 .05E + I0 2.55E+06
Ce-144 Bq 6 .95E + I0 5.42E + I0 6.74E+06
to t. Py Bq 4.95E+12 3.86E+12 4.80E+O8
P u a Bq 3.83E+08 2.99E+08 3.71E+04
to t a Bq 5.77E+08 4.50E+08 5.59E+04
N itrogen kg 4.3IE + 01 3.36E+01 4.18E-03
V ent Vol. 37000 L
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per drum
IFP kg 1.08E+0I 4 .52E +0I 3.52E+01 4.38E-03 S torage
Z r fines kg 1.00E-03 4.20E-03 3.28E-03 4.07E-07
Pu kg (in IFPs) 4.00E-03 1.68E-02 1.31E-02 1.63E-06
Crud kg 5.10E-02 2.14E-01 1.67E-01 2.08E-05
tot. act. solids kg I.08E+01 4.54E +0I 3.54E+01 4.40E-03
H 20  (active) kg 2.39E+02 1.00E+03 7.83E+02 9.73E-02
U kg 3.99E-01 1.68E+00 1.31E+00 1.62E-04
Pu kg 4.00E-03 1.68E-02 1.31E-02 1.63E-06
BFS kg 6.28E+02 2.64E+03 2.06E+03 2.56E-01
PFA kg 4 .77E +0I 2.00E+02 1.56E+02 1.94E-02
O PC kg 7.65E+01 3.21E+02 2.51E+02 3 .1 1E-02
H 20 kg 2.76E +0I 1.16E+02 9.04E+01 1.12E-02
Sr-90 Bq I.25E+ 12 5.25E+12 4.09E+12 5.09E+08
R u -106 Bq 7.96E+14 3.34E+15 2.61E+15 3 .24E + 11
Sb-125 Bq I.44E+12 6 .04E + I2 4.71E+12 5.85E+08
C s-134 Bq 8.14E+12 3.42E+13 2.67E +I3 3 .3 IE + 09
Cs-137 Bq 8 64E+12 3.63E+13 2.83E+13 3.52E+09
C e-144 Bq 2.29E+12 9.60E+12 7.49E+12 9.31E+08
tôt. py Bq I.63E+15 6.84E+15 5.33E +I5 6 .63E + 11
Pu a Bq 1.25E+11 5.25E+11 4 .1 0 E + 1 1 5.09E+07
tô t a Bq 1.90E +11 7.97E+11 6 .22E + 11 7.73E+O7
M ass 1037.6 kg 
Vol. 534.9 L
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Unit process/system 
Reference
Ref. Code 
Date
Functional unit of original data 
Mass Balance
Assumptions
E ncapsulation o f  Barium  C arbonate and M EB  crud slurry
P rocess flow sheet fo r the encapsulation o f  Barium  Carbonate and M EB  C rud slurry
O/PR/657403
E P2 D C  (91) P326
Septem ber 1992
1 D rum
C-14 0.76 %
U O :  0.52 %
T he receipt tank  contains 4  Barium C arbonate containers and 1 M EB crud  containers per campaign 
O ne receipt tank fills 17.4 drum s for grouting
Daily arisings o f  Barium carbonate and M EB slurry may fill 0 .4  o f  a  drum  
TH O R P H ead End throughput 7 tonne U /day before irradiation 
0 .87  kg U/TJ
Inputs Composition Unit per container per drum per day per T J  Source Notes
0 .4 *drum
NaOH kg 1.95E+00 4.48E-01 1.86E-01 2.3 IE-05 C-14 removal (W 2) B arium  Carbonate slurry
N aN O : kg 5.33E-01 6.62E-05 and T H O RP receipt and M ass 1109.8 kg/container
N aN O , kg 3.98E-01 4.95E-05 storage (P2) V ol. 899 .7  L /container
N a (to t) kg 3.92E-01 4.87E-05 See N ote I S ludge to  export collected
B a(N 0 3)2 2.00E-03 2.49E-07 o v er 10 days
BaCO j kg 2.69E+02 6.17E+01 2.75E+01 3.42E-03
B a (to t) kg 1.91E+01 2.38E-03 M EB  Crud
H 20 kg 8.30E+02 1.91E+02 8.15E+01 1.01E-02 M ass 822.1 kg/container
H-3 Bq 1.66E+09 2.06E+05 Vol. 790.3 L /container
C-14 Bq 1.59E+12 3 .6 6 E + 1 1 1.63E+11 2.03E+07
Kr-85 Bq 5.90E+07 7.33E+03
Tc-99 Bq 3.10E+04 3.85E+00
R u-106 Bq 2.60E+07 3.23E+03
1-129 Bq 1.51E+08 1.88E+04
U O : kg 9.70E-03 2.23E-03 9.46E-04 1.18E-07
Co-60 Bq 2.43 E + 12 I.40E+11 5.01E+10 6.23E+06
Cs-137 Bq 7.06E+08 8.77E+04
Pre-coat kg 4.34E+01 2.49E+00 9.98E-01 1.24E-04
Crud kg 5.90E+00 3.39E-01 I.36E -0I 1.69E-05
Nitrogen kg 4.31E+01 1.24E+0I 4 .95E+00 6.16E-04 N itrogen  purge. Vol. 37000 L
BFS kg 5.37E+02 2.15E+02 2.67E-02 C em ent pow der
O PC kg 5.19E+01 2.08E+01 2.58E-03 Vol. 514 L
PFA kg 4.77E+01 I.91E + 0I 2.37E-03 Capping g rout
OPC kg 1.58E+01 6.32E+00 7.85E-04 Vol. 55.38 L
H:0 kg 2.76E+01 1.I0E + 0I I.37E-03
Outputs Composition Unit per container per drum per day j3er TJ Receiver Notes
BaCO j kg 2.03 E-01 2.03E-02 2.52E -06 D O G C onta iner heel conten ts (BaCO )
N aO H kg 1.00E-03 1.00E-04 1.24E-08 W 2 M ass 7 .66  kg
N a N 0 :/N a N 0 3 kg 7.00E-03 7.00E-04 8.70E-08 Vol. 7.5 L
H ;0 kg 7.45E+00 7.45E-01 9.26E-05
C-14 Bq 1.20E+09 1.20E+08 1.49E+04
to t a Bq 1.97E+06 1.97E+05 2.45E+01
t o tp Bq 1.38E+09 1.38E+08 1.72E+04
kg 3.70E-02 7.40E-04 9 .20E -08 TH O R P receipt C onta iner heel conten ts (M EB crud)
Crud kg 5.00E-03 1.00E-04 1.24E-08 and storage M ass 7.53 kg
H 20 kg 7.48E+00 1.50E-0I 1.86E-05 P2 Vol. 7.5 L
C o-60 Bq 2.10E+09 4.20E +07 5.22E+03
to t a Bq 3.30E+02 6.60E+00 8.20E-04
to t P Bq 2 .1 1E+09 4.22E +07 5.24E+03
0 .4 * d ru m
BaCO j kg 6.15E+01 2.68E+01 3.33E-03 S torage M ass 1004.7 kg
U 0 2 kg 2.20E-03 9.57E-04 I.19E -07 Vol. 530  L
Pre-coat kg 2.49E+00 1.08E+00 I.35E-04
Crud kg 3.38E-01 1.47E-01 1.83E-05
NaOH kg 4.47E-01 1.94E-01 2.42E-05
N a N 0 2/N a N 0 3 kg 2.24E+00 9.74E-01 1.2 IE-04
H20  (active) kg 2.58E+02 I.12E+02 1.39E-02
BFS kg 5.37E+02 2.33E+02 2.90E-02
PFA kg 4.77E+0I 2.O7E+0I 2.58E-03
OPC kg 6.77E+01 2 .9 4 E + 0 1 3.66E-03
H 20 kg 2.76E+01 1.20E+01 1.49E-03
C-14 Bq 3.65E+11 1.59E+11 1.97E+07
Co-60 Bq 1.39E +11 6.05E+10 7 .5 IE + 0 6
to t a Bq 5.96E+08 2.59E+08 3.22E+04
to t p Bq 5 .57E + 11 2 .4 2 E + 1 1 3 .01E+07
Nitrogen kg 4.31E+OI 1.24E+01 4.95E +00 6.16E -04 CO G V ent
W 9 Vol. 37000
Ancillary Services
H P steam kg 1.45E+01 4.17E+00 1.67E+00 2.07E -04
H P steam kg 1.29E+01 3.70E+00 1.4SE+00 1.84E-04
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ngs o f B a riu m  c a rb o n a te M E B  cru d T o ta l
N aO H kg 1.86E-01 1.86E-01
N aN O ; kg 5.33E-01 5.33E-01
N aN O j kg 3.98E-01 3.98E-01
N a (tô t) kg 3.92E-01 3.92E-01
B a (N 0 3>. kg 2.00E-03 2.00E-03
B aC O , kg 2.75E+01 2.75E+01
B a (tô t) kg 1.91E+01 1.91E+01
H 20 kg 8.15E+01 8.15E+01
H-3 Bq 1.66E+09 1.66E+09
C-14 Bq 1.63E+11 1.63E +11
K r-85 Bq 5.90E+O7 5.90E+07
T c-99 Bq 3.10E+04 3.10E+04
R u -106 Bq 2.60E+07 2.60E+07
1-129 Bq 1.51E+08 1.51E+08
UO ; kg 9.46E-04 9.46E-04
Bq 1.86E+11 1.86E +11
C o-60 Bq 5.01E+10 5.01E+10
Cs-137 Bq 7.06E+08 7.06E+08
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Dissolver off gas treatment (W2)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
D O G
T H O RP H ead End M ark 2, fuel dissolution and D O G , R ev 1
O FCPD C/P508
D ecem ber 1991
Daily basis, 7 tonne U /day before irradiation 
U  no data 
C -14 0.21 %
Combined dissolver off-gas from  3 dissolvers 
0.87 kg U /TJ
Inputs Composition Unit per day per TJ Source Notes
Gas n 2 m'1 5.50E+03 6.83E-01 Dissolver 6996 m'Vday
0 2 1.29E+03 1.60E-01 P3
At 6.60E+01 8.20E-03
C 0 2 2.50E+00 3.1 IE-04
NO 9.60E+01 1.19E-02
N 0 2 2.32E+02 2.88E-02
H 20 kg 3.62E+02 4.50E-02
T ot K r kg 3.13E+00 3.89E-04
T ot I kg 1.61E+00 2.00E-04
T o t Xe kg 4.49E+01 5.58E-03
H-3 Bq 5 .80E + 11 7.21E+07
C-14 Bq 1.68E+11 2.09E+07
Kr-85 Bq 2.15E+15 2 .67E + 11
Tc-99 Bq 1.30E+07 1.62E+03
R u-106 Bq (s) 2.19E+11 2.72E+07
R u-106 Bq (g) 2.19E+11 2.72E+07
1-129 Bq 8.26E+09 1.03E+06
Fuel dust kg 6.17E-01 7.67E-05
Z r fines kg 8.00E-06 9.94E-10
Reagent N aO H kg 2.91E+02 3.61E-02 Vol. 2 .606 m'Vday
H 20 kg 2.60E+03 3.23E-01
Outputs Composition Unit per day per TJ Receiver Notes
Liquor N aOH kg 7.77E+01 9.66E-03 C-14 removal Tot. vol. 2.7 mVday
N a N 0 2 kg 2.31E+02 2.87E-02 W 2.5
N aN O , kg 1.42E+02 1.76E-02
N a2CO , kg I.51E+01 1.88E-03
N a (to t) kg 1.66E+02 2.07E-02
H 20 kg 2.57E+O3 3.20E-01
H-3 Bq 6.90E+10 8.58E+06
C-14 Bq 1.66E+11 2.O6E+07
K r-85 Bq 2.50E+10 3 .1 1E+06
Tc-99 Bq 1.30E+07 1.62E+03
R u-106 Bq 1.10E+10 1.37E+06
1-129 Bq 8.15E+09 1.01E+06
Fuel dust kg 1.20E-03 1.49E-07
T ot. act. Bq 3 .09E + 11 3.84E+07
Liquor U kg 5.37E-01 6.67E-05 Centrifuge tank R ecom bined acid from  Iodine D esorber
Pu kg 5.80E-03 7.21E-07 P4 Vol. 1600 mVday
H 20 kg 1.30E+03 1.62E-01
HNO3 kg 6.03E+02 7.49E-02
Acid conc. M 6.OOE+O0 7.46E-04
H-3 Bq 3 .78E + 11 4.70E+07
R u-106 Bq 6 .46E + 11 8.O3E+O7
1-129 Bq 2.20E+07 2.73E+03
Z r fines kg 8.00E-06 9.94E-10
Activity Bq 1.53E+13 1.90E+09
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N : m'1 9.01E+03 1.I2E + 00 Stack
0 ; 2.I4E + 03 2.66E -0I W 9
A r 1.08E+02 1.34E-02
CO- 1.00E-02 1.24E-06
NO 1.50E-01 1.86E-05
N O ; 9.40E-01 1.17E-04
H ;0 kg 1.22E+02 1.52E-02
to t K r kg 3.13E+00 3.89E-04
to t I kg 1.60E-02 1.99E-06
to t Xe kg 4.49E+01 5.58E-03
Fuel dust kg 4.00E-07 4 .9 7 E -1 1
H-3 B q 1.26E+11 1.57E+07
C-14 Bq 2.35E+09 2.92E+05
Kr-85 Bq 2.15E+15 2 .67E + 11
Sr-90 Bq 1.19E+06 1.48E+02
Ru-106 Bq 1.30E+08 1.62E+04
1-129 Bq 8.24E+07 1.02E+04
Cs-134 Bq 5.83E+05 7.25E +0I
Cs-137 Bq 1.67E+06 2.08E+02
Ce-144 Bq 2.46E+05 3.06E +0I
Pu a Bq 5.86E+04 7.28E+00
Pu-241 Bq 1.60E+06 1.99E+02
Am-241 Bq 1.62E+04 2.01E+00
Cm-244 Bq 3.38E+04 4.20E +00
N p-237 Bq 4.67E+OO 5.80E-04
Tc-99 Bq 2.56E+02 3.18E-02
P m -147 Bq 6.67E+05 8.29E+01
U a Bq 2.96E+01 3.68E-03
N a+ kg 5.20E-04 6.46E -08 SFE
H ;0 kg 1.33E+03 1.66E-01 W 5
Fe kg 2.60E-03 3.23E-07
H-3 Bq 1.02E+10 1.27E+06
U O ; kg 5.00E-03 6.21E-07
Fuel dust kg 1.80E-03 2.24E-07
R u-106 Bq 1.10E+09 1.37E+05
to t act. Bq 5.40E+10 6.71 E+06
to t. p-5 activity Bq 1.10E+09 1.37E+05
Fuel dust kg 4.40E-03 5.47E-07 W aste H E PA  filter
R u-106 Bq 2.2 0 E + 1 1 2.73E +07 encapsulation
to t act. Bq 3.20E + 11 3.98E +07 W l
Ancillary Services
C om pressed air m '
Steam  kg
I.71E+01 2 .I3E -03
S.OOE+Ol 6.21E-03
Vol. 1.33 mVday
waste water from off-gas wash
lifting of acid to desorp. 
steam for ejector
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Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
C arb o n -14 removal
TH O R P Head End M ark 2A  design flowsheet. C austic effluent treatm ent. Rev. 1
O FC PD C/P539
M arch 1990
Daily basis, 7 tonne U /day before irradiation 
U O ; 0 .3 2 %
C -14 0.06 %
0.87 kg  U/TJ
Inputs Composition Unit j ) e r  day per TJ Source Notes
Liquor N aO H kg 7.77E+01 9.66E-03 DOG Vol. 2 .78 m’/day
N a N 0 2 kg 2 .31E+02 2.87E-02 Combined dissolver
N a N 0 3 kg 1.42E+02 1.76E-02 off-gas caustic effluent
N a2 C 0 3 kg 1.51E+01 I.88E-03 W2
N a (to t) kg 1.66E+02 2.07E-02
H 2 0 kg 2.57E+03 3.20E-01
H-3 Bq 6.90E+10 8.58E+06
C-14 Bq 1.66E +11 2.06E+07
K r-85 Bq 2.50E+10 3.11E+06
T c-99 Bq I.30E + 07 1.62E+03
R u-106 Bq I.10E + 10 1.37E+06
1-129 Bq 8.15E+09 1.01E+06
U 0 2 kg 1.20E-03 1.49E-07
to t  act. Bq 3 .0 9 E + 1 1 3.84E+07
Reagent B a(N 0 3 )2 kg 3.79E +0I 4.71E-03 Vol. 0 .729 m '/day
B a  (to t) kg 1.99E+0I 2.48E-03
H 20 kg 7.16E+02 8.90E-02
Outputs Composition Unit per day per TJ Receiver Notes
E E u e n t N aO H kg 7.75E+01 9.63E-03 Sea Primary supem ate
N a N 0 2 kg 2.31E+02 2.86E -02 W 6 Vol. 4 .1 7 m 3/day
N a N 0 3 kg 1.66E+02 2.06E-02
N a (to t) kg 1.66E+02 2.07E-02
B a(N 0 3 )2 kg 7.40E -0I 9.20E-05
B aC 03 kg 4.90E-01 6.09E-05
B a (to t) kg 7.30E-01 9.08E-05
H 2 0 kg 4.01E+03 4.99E-01
H-3 Bq 6.90E+10 8.58E+06
C-14 Bq 2.90E+09 3.60E+05
Kr-85 Bq 2.50E+10 3 .I1E + 06
T c-99 Bq 1.30E+07 1.62E+03
Ru-106 Bq I.08E + 10 1.34E+06
1-129 Bq 8.00E+09 9.94E+O5
Sr-90 Bq 8.56E+08 1.06E+05
C s-134 Bq 5.17E+08 6.42E+04
C s-137 Bq I.I9 E + 0 9 1.48E+05
C e -144 Bq 1.76E+08 2.18E+04
Zr/N b-95 Bq 2.41E+02 3.00E-02
N p-237 Bq 3.43E+03 4.27E-01
Pu a Bq 4 .I2 E + 0 7 5.12E+03
Pu-241 Bq 1.23E+09 1.53E+05
Am-241 Bq 1.25E+07 1.55E+03
Cm  a Bq 2.73E+07 3.39E+03
U a Bq 2.12E+04 2.64E+00
tot. a activity Bq 8 .1 1E+07 1.01E+04
tot. b-5 activity B q 1.73E+10 2.15E+06
U 0 2 kg 3.00E-04 3.73E-08
to t act. Bq 1 .23E +11 1.53E+07
Sludge N aO H kg 1.86E-01 2.31E-05 W EP Vol. 0 .082 mVday
N a N 0 2 kg 5.33E-01 6.62E-05 W1 Sludge to  export collected over 10 days
N aN 03 kg 3.98E -0I 4.95E-05
N a (to t) kg 3.92E-01 4.87E-05
B a(N 0 3 )2 kg 2.00E-03 2.49E-07
B aC 03 kg 2.75E+01 3.42E-03
Ba (tot) kg 1.91E+01 2.38E-03
H 20 kg 8.15E+01 1.0IE-02
H-3 Bq I.66E+ 09 2.06E+O5
C-14 Bq I.63E+11 2.03E+07
Kr-85 Bq 5.90E+07 7.33E+03
Tc-99 Bq 3.10E+04 3.85E+00
Ru-106 Bq 2.60E+07 3.23E+03
1-129 Bq 1.51E+0S ' I.88E+04
U 0 2 kg 9.46E-04 1.18E-07
to t act. Bq 1.86E+1I 2 .3IE + 07
Ancillary Services
HP steam kg 3.79E+02 4.71E-02 Primary decant
H P steam kg 4.90E+OI 6 09E-03 Sludge transfer
H P steam kg 4.60E+01 5.72E-03 2nd decant
H P  steam kg 1.48E+0I I.84E-03 decant
H P steam kg 1.50E+01 1.86E-03 decant
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Site ion Exchange Ellluent Fiant (W j)
Unit proces$/sy Sixcp
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance 
Assumptions
Sixep
B N FL  Operational Safety Assessment
EPM SC/91/P121
N ovem ber 1991
Daily basis
N o  m ass balance
P o o r link betw een T H O RP processes and SIX EP 
Allocation is required with respect to  M agnox effluents 
T H O RP throughput 1200 tonne U /year before irradiation 
P lant availability 285 days/year 
0.87 kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
to t. P activity (1) Bq 3.08E+13 6.36E+09 B 3 I5  supem ate Vol. 2700 m3/day
tot. ct activity (1) Bq 2.50E+10 5.17E+06 M agnox
C s-137 Bq 2.54E+13 5.25E+09 Continuous purge from  B 29 &  B30
C s-134 Bq 2.40E+12 4.96E+08 storage tanks
C e -144 Bq 7 .40E+10 1.53E+07
Zr/N b-95 B q 1.70E+11 3 .5 IE + 07
R u-106 B q 3.00E+11 6.20E+07
Sr-90 Bq 1.90E+12 3.93E+08
Solids kg 2.34E+01 4.84E-03
Co-60 Bq 3.00E+09 6.20E+05
tot. P activity (s) Bq 3.40E +1I 7.03E+07
tot. a  activity (s) Bq 6.00E+09 1.24E+06
N aO H kg 1.70E+02 3.5 IE-02
tot. P activity (1) Bq 1.76E+11 3.64E+07 E PI arisings Vol. 14.7 m3/day
tot. a  activity (1) Bq 1.60E+07 3.31E+03 M agnox
Solids kg 5.00E-01 1.03E-04
to t. P activity (1) Bq 2.53E+12 5.23E+08 Sixep sludge tank Vol. 273 m3/day
tot. a  activity (I) Bq 6.00E+09 1.24E+06 supem ate
C s-137 Bq 9.36E+11 1.93E+08
Cs-134 Bq 3.60E+10 7.44E+O6
C e -144 Bq 4 .7 3 E + 1 1 9.77E+07
Zr/N b-95 Bq 4.40E +10 9.09E+06
Ru-106 Bq 3 .5 2 E + 1 1 7.27E+07
Sr-90 Bq 4 .4 2 E + 1 1 9.13E+07
Am-241 Bq 7.00E+09 1.45E+06
Solids kg 5.50E+00 I.14E-03
to t. P activity (s) Bq 1.12E+12 2.31E+08
to t. a  activity (s) Bq 1.50E+10 3.10E+06
tot. P activity (1) Bq 2 .87E + I2 5.93E+08 Sixep sludge transfer Vol. 11 mVday
tot. a  activity (1) Bq 3.58E+12 7.40E+08 supem ate
Cs-137 Bq 2 .3 7 E + I2 4.89E+08
C s-134 Bq 2 .7 0 E + 1 1 5.58E+07
Sb-125 Bq 6.00E+09 1.24E+06
Sr-90 Bq I.5 0 E + 1 1 3 .I0E + 07
Solids kg 7.00E-01 1.45E-04
Polyelectrolyte m'1 1.50E+00 3.10E-04 0.1 %  w /w  in D M W
H 2 0 m'" 1.00E+01 2.07E-03 Plant wash o f  sandfilters (pH  11 D M W ) 
and Ion exchange colum n (pH  7 D M W )
H 2 0 m3 1.70E+01 3.51E-03 Filter backw ash & filter rinse
H 2 0 m3 3 .00E+00 6.20E-04 2 washes per w eek
H 2 0 m3/2  yrs 2.60E+02 5.37E-02 Sand discharge w a te r (pH  7  D M W ) 
1 filter discharge every 2  years
Sand m3/2  yrs 7.50E+00 1.55E-03 N ew  sand charge (pH  7 DM W )
H 2 0 m3/2  yrs 1.00E+02 2.07E-02 O nce every 2  years
m3/2 yrs 9 .65E+00 1.99E-03 N ew  ionex charge
H 2 0 m3/2  yrs l.OOE+02 2.07E-02
H 2 0 m3/2  yrs 3.10E+02 6.41E-02 Exchanger discharge w a te r (pH  7  DM W )
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Site Ion Exchange Effluent Plant (W3)
Outputs_______Composition Unit______per day per TJ Receiver____________ Notes
Sand m '/2  yrs 7.50E+00 1.55E-03 W EP o r D ry Pack Vol. approx. 0.12 m’/day
Ionex m’/2  yrs 9.65E+00 1.99E-03
C s-137 TBq/cycle 2.58E+03 5.33E-01 Cycle 90 days
Cs-134 T B q/cycle 2.43E+02 5.02E-02
Sr-90 T B q/cycle 2.25E+02 4.65E-02
to t. P activity (1) Bq 6 .78E + I0  1.40E+07 Sea discharge Vol. 2690 m3/day
to t. a  activity (1) Bq 6.50E+09 1.34E+06
C s-137 Bq 4.45E+10 9.19E+06
C s-134 Bq 2.40E+08 4.96E+04
C e -144 B q 6.70E+08 1.38E+05
Zr/N b-95 Bq 3.50E+08 7.23E+O4
R u-106 B q 2.90E+09 5.99E+05
Sr-90 B q 1.90E+09 3.93E+05
C o-60 B q 9.3OE+O7 1.92E+04
H-3 B q 2.60E+11 5.37E+07
O ther P B q 1.89E+10 3.91E+06
Unit process/system Sixep S ludge tank
Reference BN FL Operational Safety Assessment
Ref. Code EPM SC /91/PI21
Date Novem ber 1991
Functional unit of original data Daily basis
Mass Balance N o mass balance
Assumptions P o o r link betw een TH O RP processes and SIX EP
Allocation is required with respect to  M agnox effluents
TH O RP throughput 1200 tonne U /year before irradiation
Plant availability 285 days/year
0.87 kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
to t. P activity (1) Bq 2.34E+12 4.84E+08 Pond 5 sludge rich Vol. 250 m’/day
tot. a  activity (1) Bq 3.60E+10 7.44E+06 liquors
C s-137 Bq 8.67E + 11 1.79E+08 pH 11.5
Cs-134 Bq 3.30E+10 6.82E+06 Effluent generated by
C e -144 Bq 4 .3 6 E + 1 1 9.01E+07 Rotary skip w ashing.
Zr/N b-95 Bq 4.10E+10 8.47E+06 purging containers o f  M agnox fuel.
R u-106 Bq 3 .26E + 11 6.74E+07 flushing fuel flasks.
Sr-90 Bq 4 .0 9 E + 1 1 8.45E+07 decanning process effluent &
Am-241 Bq 7.00E+09 1.45E+06 AG R container effluent
Solids kg 1.40E+00 2.89E-04
C o-60 Bq I.90E+08 3.93E+04
to t. p  activity (s) Bq 8 .30E + 11 1.71E+08
to t. a  activity (s) Bq I.10E+10 2.27E+06
tot. p activity Bq 2.30E+13 4 .75E+09 B 3 15 sludge transfers Vol. 11.25 m’/day
tot. a  activity Bq 3 .7 0 E + 1 1 7.65E+07
solids kg 3.29E+02 6.80E-02
Solids kg 3.01E+01 6.22E-03 Sand filters Vol. 20 m ’/day
filter backw ash & rinse w ater
Outputs Composition Unit per day per TJ Receiver Notes
Solids kg 3.61E+02 7.45E-02 Dry pac and W EP Vol. 0.55 m’/day
tot. p activity Bq 2.38E+13 4.92E +09 (future)
tot. a  activity Bq 3 .81E + 11 7.87E+07
Co-60 Bq 1.90E+08 3.93E+04
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Highly Active Liquid Evaporator (W4)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
Highly A ctive Liquid Evaporator (H A LES) 
M k 2 T H O R P feeds to  H A  evaporato r Rev. 2 
R M  729, H LW TC/90/P21 
M arch 1991 
Daily basis 
U 0 %
Pu 0 %
Throughput 5 tonne U/day before irradiation 
0.87 kg U /T J
Inputs Composition Unit per day per TJ Source Notes
u kg 5.00E -02 8.70E-06 S team  stripped H A Vol. 26.4 m '/day
Pu kg 5.00E-02 8.70E-06 raffinate
Np kg 7.79E-01 1.36E-04 P5
Tc kg 4.10E -02 7.13E-06
R u -106 Bq 3.77E+15 6.56E+11
Cs-134 Bq 9.91E+15 1.72E+12
C s-137 Bq 2 .09E + I6 3.64E+12
C e -144 Bq 3.07E+15 5 .34E +11
1-129 Bq 6.34E+07 1.10E+04
Sr-90 Bq 1.50E+16 2.61E+12
Am-241 Bq 2 .2 6 E + I4 3.93E+10
Cm-244 Bq 4 .28E+14 7.45E+10
Fe kg 1.55E+00 2.70E-04
Gd kg 2.60E+01 4.52E-03
Z r kg 2.22E+01 3.86E-03
M o kg 2.03 E+01 3.53E-03
P 0 4 kg 2.25E-01 3.92E-05
H N O , M 2.60E+00 2.60E+O0
U kg 8.88E-05 1.54E-08 W V P overheads Vol. 3.72 m '/day
Pu kg 3.00E-08 5.22E-12
N p kg 5.54E-04 9.65E-08
T c kg 3.24E-01 5.64E-05
Sr-90 Bq 1.04E+13 1.81E+09
R u-106 Bq 2.68E+14 4.65E+10
I-129 Bq 3.83E+06 6.66E+02
C s-134 Bq 1.95E+14 3.39E+10
C s-137 Bq 1.01E+15 1.76E+11
C e -144 Bq 1.44E+13 2.51E+09
Am-241 Bq 7.56E+10 1.32E+07
Cm-244 Bq 4.93E +09 8.58E+05
H N O , M 3.58E+00 3.58E+00
U kg 1.19E+00 2.07E-04 SFE Vol. 1.15 m’/day
Pu kg 5.34E-02 9.30E-06 W5
N p kg 1.50E+00 2.61E-04
Tc kg 5.02E+00 8.73E-04
Am-241 kg 5.40E-04 9.40E-08
Cm-244 kg 3.14E-05 5.46E-09
Sr-90 Bq 3.39E+12 5.90E+08
Ru-106 Bq 3.56E+12 6.19E+08
1-129 Bq 2.10E+07 3.65E+03
Cs-134 Bq 2.52E+12 4.38E+08
Cs-137 Bq 5.15E+12 8.96E+08
C e -144 Bq 1.32E+12 2.30E+08
to t. a  activity Bq 9 .5 0 E + 1 1 I.65E+08
to t. (3-5 activity Bq 4.34E+13 7.55E+09
Z r kg 6.02E -0I 1.05E-04
Fe kg 1.35E+00 2.35E-04
N H iN O , kg 1.19E+02 2.07E-02
Na kg 8.05E-02 1.40E-05
M g kg 1.00E-04 1.74E-08
A1 kg 1.00E-04 1.74E-08
DTPA kg 2.00E-02 3.48E-06
Arsenazo III kg 4.00E-04 6.96E-08
PO , kg 8.28E-02 1.44E-05
U O , kg 5.00E-03 8.70E-07
Cl kg I.7IE -01 2.97E-05
H N O , M 1.07E+0I 1.07E+01
U kg 1.79E-01 3.11 E-05 Head end effluents Vol. 17.8 m’/day
Ru-106 Bq 4.1 IE+12 7.15E+08
Z r kg 2.56E+00 4.45E-04
Filter cave effluents m’ 3.00E-02 6.225-06
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Highly Active Liquid Evaporator (W4)
Outputs Composition Unit per day per TJ__________ Receiver
u kg 1.18E-05 2.05E-09 SFE
Pu kg 8.60E-07 1.50E-10 W5
Np kg I.90E-05 3.31E-09
Tc kg 9.28E-04 1.62E-07
Sr-90 Bq 1.25E+11 2.18E+07
R u -106 Bq 3 .3 7 E + 1 1 5.87E+07
1-129 Bq 5.29E+07 9.21E+03
Cs-134 Bq 8.42E+10 I.47E+07
Cs-137 Bq 1.83E +11 3.18E+07
C e -144 Bq 2.57E+10 4.47E+06
Am-241 Bq 1.88E+09 3.27E+05
Cm-244 Bq 3.57E+09 6.21E+05
Fe kg 3.00E-08 5.22E-12
Gd kg 2.20E -07 3 .8 3 E -1 1
Z r kg 2.10E -07 3 .6 5 E -1 1
M o kg 1.70E-07 2 .9 6 E -1 1
NH j NO j kg 9.90E -07 1.72E-10
H N O , M 1.50E-02 1.50E-02
U kg 1.42E+00 2.46E-04 H A  storage tank
Pu kg 1.03E-01 1.80E-05 W 4.4
Np kg 2.28E+O0 3.97E-04
T c kg 5.38E+00 9.37E-04
Sr-90 Bq 1.50E+16 2.61E+12
Ru-106 Bq 4.05E+15 7 .0 5 E + 1 1
1-129 Bq 3.53E+07 6 .I4E + 03
Cs-134 Bq 1.01E+16 1.76E+12
Cs-137 Bq 2.1 9 E + I6 3.81E+12
C e -144 Bq 3.09E+15 5 .38E + 11
Am-241 Bq 2 .30E + I4 4.00E+10
Cm-244 Bq 4.30E+14 7.48E+10
Fe kg 3.68E+00 6.40E-04
G d kg 2.60E+01 4.52E-03
Z r kg 2.53 E+01 4.41E-03
M o kg 2.03 E+01 3.53E-03
PO , kg 3.10E-01 5.39E-05
N H ,N O , kg 1.19E+02 2.07E-02
N a kg 8.00E-02 I.39E-05
U02 kg 1.00E-02 1.74E-06
O PTA kg 2.00E-02 3.48E-06
Cl kg 1.70E-01 2.96E-05
H N O , M 5.00E+00 5.00E+00
Ancillary Services________________
Steam  kg
S team  kg
1.70E+03 2.96E-01
1.70E+03 2 .96E -0I
Notes____________
Vol. 52.63 mVday 
E vaporato r condensate
V ol. 1.5 m’/day  (excluding 1st wash)
O ne batch  to  H A  storage tank  
contains 9  daily arisings, i.e. 13.5 m’ 
H ence 1 batch including 1st w ash is 14 m3
ejectors
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Highly Active Liquid Evaporator (W4)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
H A  sto rage  tank  w /in-tank evaporation
M k 2 TH O R P feeds to  H A  evaporator Rev. 2
R M  729, H L W T C /90/P21
M arch 1991
B atch basis
9 batches/day
Inputs Composition Unit per batch per day Source Notes
u kg I.27E+01 1.42E+00 H A  evaporator Vol. 14.03 mVbatch
Pu kg 9.3 IE-01 1.03E-01 W 4.2 (daily 1.6 m3)
N p kg 2.06E+01 2.28E+00
Tc kg 4.85E+01 5.38E+00
Sr-90 Bq 1.35E+17 I.5 0 E + I6
Ru-106 Bq 3.65E+16 4.05E+15
1-129 Bq 3.18E+08 3.53E+07
Cs-134 Bq 9.10E+16 1.01E+16
C s-137 Bq 1.97E+17 2.19E+16
C e -144 Bq 2.78E+16 3.09E+15
Am-241 Bq 2.07E+15 2.30E+14
Cm-244 Bq 3.87E+15 4.30E+14
Fe kg 3 .3IE + 01 3.68E+00
Gd kg 2.34E+02 2.60E+O1
Z r kg 2.28E+02 2.53E+01
M o kg 1.83E+02 2.03E+01
P O , kg 2.79E+00 3.10E-01
NHiNO? kg 1.07E+03 I.19E+02
N a kg 7.20E-01 8.00E-02
U O : kg 9.00E-02 1.00E-02
D PT A kg I.80E-01 2.00E-02
Cl kg 1.53E+00 1.70E-01
H N O , M 5.00E+00 5.00E+00
Outputs Composition Unit per batch per day Receiver Notes
u kg I.27E + 0I I.42E+00 W VP Vol. 9.3 mVbatch
Pu kg 9.3 IE-01 I.03E -0I W l l (Daily 9 .3 /9 =  1.03 m3)
Np kg 2.06E+01 2.28E+00
Tc kg 4.85E+01 5.38E+00 15 batches are  routed to  H A  storage tank
Sr-90 Bq 1.35E+17 1.50E+16 before W V P (i.e. 139.5 m3)
Ru-106 Bq 3.64E+16 4.05E+15
I - 129 Bq 3.18E+08 3.53E+07
C s-134 Bq 9.10E+16 1.01E+16
C s-137 Bq 1.97E+17 2.19E+16
C e -144 Bq 2.78E+16 3.09E+15
Am-241 Bq 2.03E+15 2.26E+14
Cm-244 Bq 3.85E + I5 4.28E+14
Fe kg 3.13E+01 3.48E+00
Gd kg 2.34E+02 2.60E+01
Z r kg 2.28E+02 2.53E+0I
M o kg 1.83E+02 2.03E+01
P O , kg 2.77E+OO 3.08E-01
NHiNO, kg 1.07E+03 1.19E+02
Na kg 7.20E-01 8.00E-02
U O : kg 5.00E-02 5.56E-03
D PTA kg I.80E-01 2.00E-02
Cl kg 1.53E+00 1.70E-0I
H N O , M 2.00E+00 2.00E+00
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Salt Free Evaporator (W5)
Unit process/system 
Reference
Ref. Code 
Date
Functional unit o f original data 
Mass Balance
Assumptions
M edium  Active Salt F ree Evaporation (M ASFE)
M K 3 TH O RP m edium  active salt free evaporator and nitric acid recovery flowsheet 
Rev. 2
O FC PD C/P530 
Septem ber 1991
Daily basis, 5 tonne U/day before irradiation 
U 0 %
P u 0.01 %
0.87 kg U/TJ
Inputs Composition Unit per day jie r  TJ Source Notes
Pu kg 2.00E-02 3 .48E -06 P lutonium  Purification Vol. 20  mVday
U kg 5.00E-03 8.70E -07 P7.5
N p kg 2.60E-02 4 .52E -06
T c kg 5.01E+00 8.71E-04
kg 5.00E-04 8.70E-08
Cm kg 3.00E-05 5.22E-09
T c-99 Bq 3.15E+12 5.48E+08
R u-106 Bq 2.27E+12 3.95E+08
I - 129 Bq 7.00E+05 1.22E+02
Cs-134 Bq 2.02E+12 3.51E+08
Cs-137 Bq 4.25E+12 7.40E+08
C e -144 Bq 8 .20E +11 1.43E+08
Sr-90 Bq 3.00E+12 5.22E+08
tot. a  activity Bq 4 .3 0 E + 1 1 7.48E+07
tot. (3-5 activity Bq 2.40E +I3 4.18E +09
Z r kg 4.50E-01 7.83E-05
Fe kg 4.00E-02 6.96E -06
TB P kg 6.70E+00 1.17E-03
OK kg 5.40E+00 9.40E-04
N H 4N O , kg 1.07E+02 1.87E-02
N a kg 1.80E-02 3 .I3 E -0 6
NH4N O , M 6.90E-02 6.90E-02
H N O , M 2.23E+00 2.23E+00
U kg I.10E+00 1.92E-04 PP  Solvent W ash Vol. 6.4 m’/day
Pu kg 1.14E-02 1.98E-06 W 13.3
Np kg 2.50E-04 4.35E-08
R u-106 Bq 1.55E+10 2.70E+06
tot. a  activity Bq 1.70E+11 2.96E+O7
tot. P-5 activity Bq 4.90E+12 8.53E+08
Fe kg 1.40E-02 2.44E-06
TBP kg 2.20E+00 3.83E-04
OK kg 1.80E+00 3.13E-04
N H 4N O , kg 1.80E+00 3.13E-04
N H 2OH kg 1.10E+01 1.91E-03
H N O , M 1.70E-01 1.70E-01
N H 2O H H N O , M 5.00E-02 5.00E-02
U kg 8.70E-03 1.51E-06 CO G Vol. 0 .06  m’/day
Pu kg 2.00E-03 3.48E -07 W 9 ESPs liquor
Np kg 8.50E-06 1.48E-09 N o link w /W 9
Tc kg 2.00E-08 3.48E-12
Sr-90 Bq 3.00E+10 5.22E+06
R u-106 Bq 1.36E+10 2.37E+06
Cs-134 Bq 3.00E+10 5.22E+06
C s-137 Bq 8.00E+10 1.39E+07
C e -144 Bq 1.16E+I0 2.02E+06
to t. a  activity Bq 7.90E+O9 1.37E+06
to t. (3-5 activity Bq 3.30E+! 1 5.74E+07
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Salt Free Evaporator (W5)
u kg 5.00E-02 8.70E-06 Uranium  Purification Vol. 113.8 m’/day
Pu kg 1.61E-02 2.80E-06 P6.4
N p kg 1.47E+00 2.56E-04
T c kg 1.15E-02 1.99E-06
T c-99 Bq 7.2OE+09 1.25E+06
R u-106 Bq 2.13E +I1 3.71E+07
Cs-134 Bq 1.58E +11 2.75E+07
C s-137 Bq 3 .32E + 11 5.78E+07
C e -144 Bq 9.60E+10 1.67E+07
to t. a  activity Bq 2.70E+11 4.70E+07
tot. 3 -5  activity Bq 7.80E+12 1.36E+09
Fe kg 2.20E-01 3.83E-05
TB P kg 3.40E+01 5.92E-03
OK kg 3.80E+01 6.61E-03
N H 4N O , kg 2.10E+01 3.65E-03
N a kg 4.00E-02 6.96E-06
n h 2o h kg 1.30E+02 2.26E-02
D TPA kg 1.00E-02 1.74E-06
A rsenazo III kg 2.00E-04 3.48E-08
C hloroacetic acid kg 2.27E-01 3.95E-05
N H 2O H H N O , M 3.50E-02 3.50E-02
H N O , M I.60E+00 1.60E+00
U kg 2.00E-02 3.48E-06 Uranium  Purification Vol. 13 m ’/day
Pu kg 1.S0E-04 2.61E-08 P6.6
Np kg 9.63E-03 1.68E-06
Tc kg 1.00E-05 I.74E-09
Tc-99 Bq 3.70E+07 6.44E+O3
Ru-106 Bq 2.93E+O9 5.10E+05
Ce-144 Bq 9.00E+08 1.57E+05
tot. a  activity Bq 2.40E-K>9 4.18E+05
tot. 3 -5  activity Bq 6.80E+10 1.18E+07
Fe kg 2.60E-02 4.52E-06
TBP kg 3.90E+00 6.79E-04
OK kg 4.40E-KX) 7.66E-04
N H 4N O 3 kg 7.05E+00 I.23E-03
N a kg 2.20E-02 3.83E-06
n h 2o h kg 4.20E+01 7.3 IE-03
D TPA kg I.O0E-O2 I.74E-06
A rsenazo III kg 2.00E-04 3.48E-08
C hloroacetic acid kg 2.27E-01 3.95E-05
N H 2O H H N O , M 1.00E-0I 1.00E-01
H N O , M 8.00E-01 8.00E-0I
U kg 5.40E-04 9.40E-08 COG Vol. 4 .6  m’/day
Pu kg 7.60E-05 1.32E-08 W9 dehumidifier liquor
Np kg 4.50E-07 7 .8 3 E -1 1 N o link w/W 9
Tc kg 1.59E-05 2.77E-09
Sr-90 Bq 2.70E+08 4.70E+04
R u-106 Bq 7.60E+0S 1.32E+05
C s-134 Bq 2.70E+08 4.70E+04
C s-137 Bq 7.20E+08 1.25E+05
C e-144 Bq 1.10E+08 1.91E+04
tot. a  activity Bq 7.30E+08 1.27E+05
tot. 3 -5  activity Bq 2.70E+10 4.70E+06
Fe kg 9.00E-03 1.57E-06
Fe kg 2.00E-02 3.48E-06 TH O R P H A  evaporator Vol. 10 m '/day
H N 0 3 M I.OOE-Ol 1.00E-01 W 4 TH O RP H A  ejector condensate 
N o link w/W 4
tot. 3-5 activity Bq 4.20E+09 7.31E+05 M agnox H A  ejector Vol. 10 m’/day
Fe kg 2.00E-02 3.48E-06 condensate
H N O , M 1.00E-0I I.00E-0I
U kg 2.70E-06 4 .7 0 E -I0  M agnox H A  evaporator Vol. 50.4 m’/day
Pu kg 2.00E-08 3.48E-12 condensate
Tc kg I.60E-06 2.78E-10
Am kg 1.20E-06 2.09E-10
Cm kg 2.00E-08 3.48E-12
Sr-90 Bq 2.20E+10 3.83E+06
R u -106 Bq 4 .6 0 E + 1 1 8.00E+07
1-129 Bq 1.10E+07 I.91E+03
Cs-134 Bq 8.30E+09 1.44E+06
Cs-137 Bq 3.20E+10 5.57E+06
Ce-144 Bq 7.30E+10 1.27E+07
to t. a  activity Bq 1.80E+09 3.13E+05
to t. 3-5 activity Bq 8.50E + 11 1.48E+08
Fe kg I.OOE-Ol 1.74E-05
M g kg 1.00E-04 1.74E-08
A1 kg 1.00E-04 1.74E-08
H N O , M 2.00E+00 2.0OE+00
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Salt Free Evaporator (W5)
u kg 5.52E-06 9.60E -10 W V P Vol. 7.23 m’/day
Pu kg 1.20E-07 2 .0 9 E -1 1 W l l N o link w /W l 1
Np kg 1.15E-05 2.00E-09
Tc kg 2.06E-05 3.58E-09
kg 1.20E-05 2.09E-09
Cm kg 5.00E-08 8.70E-12
Sr-90 Bq 2 .13E + 11 3.71E +07
Ru-106 Bq 2 .19E + 11 3.8ÎE+O 7
1-129 Bq 1.28E+06 2.23E+02
Cs-134 Bq 5.43E+10 9.44E+06
Cs-137 Bq 2 .82E + 11 4.91E+07
C e-144 Bq 2 .95E + 11 5.13E+07
tot. a  activity Bq 4.08E+09 7.10E+05
to t. P-5 activity Bq 2.47E+09 4.30E+05
HN O , M 4.00E-02 4.00E -02
U kg 1.03E-05 1.79E-09 TH O R P H A  evaporator Vol. 38.5 m’/day
Pu kg 8.50E-07 1.48E-10 W4 condensate"
N p kg 1.90E-05 3.3 IE -09
T c kg 8.69E-04 1.5 IE -07
Am kg 2.00E-05 3.48E -09
Cm kg 1.30E-06 2.26E -10
Sr-90 Bq 1.25E+11 2.18E+07
R u -106 Bq 3.09E+11 5.37E+07
1-129 Bq 5.45E+07 9.48E+03
Cs-134 Bq 8.27E+10 1.44E+07
Cs-137 Bq 1.74E+11 3.03E+07
C e-144 Bq 2.63 E + 10 4.57E +06
to t. a  activity Bq 5.70E+09 9.92E+O5
to t. P-5 activity Bq 1.30E+12 2.26E+08
Fe kg 3.00E-08 5 .22E -I2
H N O , M 2.00E+00 2.00E+00
U kg 4.20E-09 7.31E-13 U /Pu extraction & Vol. 14.7 m’/day
Pu kg 4.20E-09 7 .3 I E - 13 Partitioning TH O RP H A  steal
N p kg 6.50E-08 1 .13E -11 P5.6 condensate
T c kg 3.50E-09 6.09E-13
Am kg 2.00E-07 3 .4 8 E -1 1
Cm kg 1.00E-08 1.74E-12
Ru-106 Bq 2.69E+10 4.68E +06
Cs-134 Bq 8.30E+08 1.44E+05
Cs-137 Bq 1.74E+09 3.03E+05
Ce-144 Bq 2.60E+08 4.52E +04
1-129 Bq 1.11E+06 1.93E+02
Sr-90 Bq 1.25E+09 2.18E+05
TBP kg 1.47E+0I 2.56E-03
OK kg 7.10E+00 I.24E-03
H N O , M 2.00E-02 2.00E-02
PO , kg 2.30E-01 4.00E-05
tot. ct activity Bq 5.70E+07 9.92E+03
tot. P-5 activity Bq 3.00E+IO 5.22E+06
Ru-106 Bq 3.10E+10 5.39E +06 TO N  Off-gas Vol. 1.6 m '/day
tot. P-5 activity Bq 3 .I0E + 10 5.39E +06 condensate N o link
Fe kg 3.00E-03 5.22E-07
H N O , M 4.50E+0O 4.50E+OO
Na+ kg 5.20E-04 9 .05E -08 D O G Vol. 1.33 m’/day
H20 kg 1.33E+03 2.32E-01 W 2
Fe kg 2.60E-03 4 .52E -07
H-3 Bq 1.02E+10 1.77E+06
U 0 2 kg 5.00E-03 8.70E -07
Fuel dust kg 1.80E-03 3.13E -07
Ru-106 Bq 1.10E+09 1.91E+05
to t act. Bq 5.40E+10 9.40E+06
tot. P-5 activity Bq 1.10E+09 1.91E+05
Pu kg 5.00E-04 8.70E-08 Plutonium  Purification Vol. 1.2 m’/day
tot. a  activity Bq 7.30E+09 1.27E+06 P7.4 N O x conditioning
tot. P-5 activity Bq 2.10E+I1 3.65E+07 effluent
Fe kg 2.40E-03 4.18E-07
H N O , M 3.40E-01 3.40E-OI
Pu kg 2.00E-03 3.48E -07 Plutonium  Purification Vol. 6.7 m’/day
U kg 4.50E-05 7.83E -09 P7.8 Pu evaporator
to t FPs Bq 3.30E+08 5.74E+04 condensate
tot. a  activity Bq 2.90E+10 5.05E+06
to t. P-5 activity Bq 8.60E + 11 1.50E+08
Fe kg 1.30E-02 2.26E-06
H N O , M I.10E+00 I.10E+ 00
Pu kg 1.20E-03 2.09E -07 Plutonium  finishing Vol. 2.99 m’/day
U kg 3.29E-03 5.72E -07 P9.8 O M L evaporator
Np kg 1.80E-04 3.13E-08 condensate
kg 1.94E-06 3.38E -10
Tc kg 1.70E-04 2.96E-08
R u-106 Bq 3.30E-10 5.74E-14
H N O , M 3.00E+00 3.00E+00
to t. a  activity Bq 1.80E+10 3.13E+06
tot. P-5 activity Bq 5.20E + 11 9.05E+07
Fe kg 7.00E-03 1.22E-06
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Outputs Composition Unit per day per TJ________ Receiver Notes
Salt Free Evaporator (W5)
u kg 1.00E-03 1 74E-07 W aste Solvent W ash
Np kg 3.00E-03 5.22E-07 W 14
T B P TR A CE
OK kg 5.49E+01 9.55E-03
U kg 1.19E+O0 2.07E-04 T H O RP H A  E vaporator
Pu kg 5.34E-02 9.30E-06 W 4.3
N p kg 1.50E+00 2.61E-04
T c kg 5.02E+00 8.73E-04
kg 5.40E-04 9.40E-08
Cm kg 3.14E-05 5.46E-09
Sr-90 Bq 3.39E+12 5.90E+08
R u-106 Bq 3.56E+12 6.19E+08
1-129 Bq 2.I0E+O 7 3.65E+03
C s-134 Bq 2.52E+12 4.38E+O8
C s-137 Bq 5.15E+12 8.96E+08
C e-144 Bq 1.32E+12 2.30E+08
to t. a  activity Bq 9 .50E + 11 1.65E+08
to t. p -5  activity Bq 4.34E+13 7.55E+09
Z r kg 6.02E-01 I.05E-04
Fe kg 1.35E+00 2.35E-04
N H ,N O , kg I.19E+02 2.07E-02
N a kg 8.05E-02 1.40E-05
M g kg 1.00E-04 1.74E-08
Al kg 1.00E-04 1.74E-08
D T PA kg 2.00E-02 3.48E-06
A rsenazo III kg 4.00E-04 6.96E-08
P 0 4 kg 8.2SE-02 I.44E-05
UO- kg 5.00E-03 8.70E-07
Cl kg 1.71E-01 2.97E-05
H N O , M 1.07E+01 1.07E+O1
U kg 6.33E-05 1.10E-08 LAE
Pu kg 2.84E-06 4 .94E -10 W 6
N p kg 9.45E-03 1.64E-06
Tc kg 1.03E-03 1.78E-07
kg 3.00E-08 5.22E-12
N H 4N O , kg 1.75E-03 3.05E-07
H N O , kg 5.07E+02 8.82E-02
TB P kg 6.12E+01 1.06E-02
Z r kg 2.64E-05 4.59E-09
Fe kg 3.20E-05 5.57E-09
N p-237 Bq 2 .10E+06 3.65E+02
Am-241 Bq 2.37E+06 4.12E+02
U a Bq 6.41E+03 I.12E+00
Cm  a Bq 4.71E+06 8.20E+02
Pu a Bq 4.O5E+O7 7.05E+03
Sr-90 Bq 1.8IE+08 3.15E+04
T c-99 Bq 6.45E+08 1.12E+05
R u -106 Bq 7.12E+08 1.24E+05
1-129 Bq 5.20E+07 9.05E+03
C s-134 Bq 1.35E+08 2.35E+04
Cs-137 Bq 2.74E+08 4.77E+04
C e-144 Bq 7.O6E+07 I.23E+04
Pu-241 Bq I.17E+09 2.04E+05
to t. a  activity Bq 5.05E+07 8.79E+03
to t. P -5 activity Bq 2 .3 1E+09 4.02E+05
U kg 4 .2  IE-06 7.33E -10 R ecovered acid
Pu kg 1.88E-07 3 .2 7 E -1 1
N p kg 5.31E-06 9.25E-10
T c kg 5.85E-05 1.02E-08
Sr-90 Bq 1.20E+07 2.09E+03
R u-106 Bq 1.26E+07 2.19E+03
1-129 Bq 7.38E+O6 1.28E+03
C s-134 Bq 8.92E+06 1.55E+03
C s-137 Bq 1.83E+07 3.18E+03
C e-144 Bq 4.69E+06 8.16E+02
to t. a  activity Bq 3.35E+06 5.83E+02
to t. p -5  activity Bq 1.54E+08 2.67E+04
Z r kg 2.03E-06 3.54E-10
Fe kg 1.74E-06 3.04E-10
P 0 4 kg 4.76E-07 8 .29E -11
N H 4N O , kg 3.09E-04 5.37E-08
H N O , M 4.03E+00 4.03E+00
Solvent float-off 
Vol. 0 .106 m’/day 
N o link wAV14
2nd effect concentrate 
Vol. 1.15 m’/day
First effect overheads (0 .04  M  H N 0 3 ) 
Vol. 175.6 m’/day
Fractionator overheads (0.01 M  H N 0 3 ) 
Vol. 101.3 m’/day
6  M  N itric acid 
Vol. 48 .90  m’/day
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Salt Free Evaporator (W5)
U kg 2.07E-06 3 .60E -10 Excess acid 6 M Nitric acid
Pu kg  9 .2 IE-08 1.60E-11 LA E Vol. 24.00 m’/day
N p kg 2 .6 IE -06  4.53E-IO  W 6
T c  kg 2.87E-05 4.99E-09
N p-237 Bq 6 .8IE + 04 1 .I8E + 0!
Am-241 Bq 8.85E+04 I.54E + 0I
U a  Bq 2.O9E+02 3.64E-02
C m  a  Bq I.53E+05 2.66E+01
P u a  Bq I.32E+06 2.30E+02
Sr-90 B q 5.89E+06 1.02E+03
T c-99 B q I.80E+08 3 .I3E + 04
R u-106 B q 6.19E+06 1.08E+03
1-129 B q 3.62E+06 6.30E+02
C s-134 B q 4.38E+06 7 .62E+02
C s-137 B q 8.95E+06 1.56E+03
C e-144 B q 2.30E+06 4 .00E+02
Pu-241 B q  3.92E+07 6.82E+O3
tot. a  activity Bq I.63E + 06 2.84E+02
to t. |3 activity Bq 2.11E+08 3.67E+04
tot. P-5 activity Bq I.31E+08 2.28E+04
Z r kg 9.97E-07 1.73E-10
Fe kg  8.55E-07 1.49E-10
P 0 4 kg  2.34E-07 4.06E-11
N H .N O , kg 1.51E-04 2.63E-08
H N O , M  9.07E+03 9.07E+03
Dilution w ater kg  I.80E+04 3 .I3 E + 0 0  Vol. 18 m’/day
OK  kg 1.80E+00 3.13E -04 B uffer storage
T B P TR A C E Vessel vent
N O  kg 4.90E +0I 8.53E-03 CO G  B reakpot Vessel vent
W 9
N O  kg 2.80E+02 4 .87E -02 CO G  Evaporator 2nd effect Vent
TB P  kg 8.60E-02 1.50E-05 W 9
N O  kg 9.30E+01 1.62E-02 C O G  C ondenser
12 Bq 8.40E+06 1.46E+03 W 9 Vessel vent
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Low Active Effluents and discharges to sea (W6)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
Acidic effluent
M ark 3 TH O RP Low  Active effluent flow sheet, rev. 3
O FCPDC/P457
Decem ber 1991
Daily basis
U  0.07 %
Pu 0.01 %
Daily arisings calculated assuming events occurs simultaneously, i.e. o n  sam e day 
Shutdow n arisings are assum ed to  o ccur once per year 
T H O RP throughput 1200 tonne U /year before irradiation 
0 .87  kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
N p-237 Bq 1.20E+03 2.26E-01 TD C  acid effluent arising TD C  (TH O R P decontam ination centre)
Am-241 B q 4 .64E+06 8.75E+02 A rea 000 Plant availability 260 days
Ua Bq 9.37E+O3 I.77E + 00 (52 w eeks (2J 5 days)
Cm a Bq 8.90E+06 1.68E+03 Vol. 5 mVday
Pu a Bq 1.44E+07 2.71E+03 N o link
Sr-90 Bq 9.12E+08 1.72E+05
Tc-99 Bq 1.96E+05 3.69E+0I
Ru-106 Bq 2.30E+O8 4.34E+04
1-129 Bq 3.70E+02 6.97E-02
Cs-134 Bq 5.53E+08 I.04E+05
Cs-137 Bq I.28E+09 2.41E+05
Ce-144 Bq 2.71E+08 5.U E+O 4
Pu-241 Bq 4.31E+08 8.12E+04
tot. a  activity Bq 2.80E+07 5.28E+03
tot. p  activity Bq 3.25E+09 6.13E+05
tot. P-5 activity Bq 4.00E+09 7.54E+O5
N aN O , kg 8.50E-01 1.60E-04
H N O , kg 7.66E+02 1.44E-01
PV A kg 2.50E+01 4.71E-03
Np-237 Bq 2.84E+03 8.24E-03 General service drains V ol 1 m3/batch
Am-241 Bq 3.69E+03 I.07E-02 A re a 300 4  batches p er year
U a Bq 8.69E+00 2.52E-05 N o link
Cm a Bq 6.38E+03 1.85E-02
Pu a Bq 5.50E+04 1.60E-01
Sr-90 Bq 2.45E+05 7.11E-01
Tc-99 Bq 7.SOE+06 2.18E+01
R u -106 B q 2.58E+05 7.48E-01
1-129 Bq 1.51E+05 4.38E-0I
Cs-134 Bq 1.83E+05 5.3 IE-01
Cs-137 Bq 3.73E+05 1.08E+00
C e-144 Bq 9.58E+04 2.78E-01
Pu-241 Bq 1.63E+06 4.73E+00
tot. a  activity Bq 6.79E+04 1.97E-0I
tot. P activity Bq 8.81E+06 2.S5E+01
tot. P-5 activity Bq 5.46E+06 1.58E+0I
H N O , kg 3.78E+02 1.10E-03
Np-237 Bq 2.10E+02 4.34E-02 UN evaporator Uranium finishing
Am-241 Bq 2.00E+00 4.13E-04 condensates Plant availability 285 days
U a Bq 2.52E+07 5.21E+03 A rea 700 Vol. 107 mVday
Cm  a Bq 1.00E+00 2.07E-04 N o link
Pu a Bq 8.33E+03 1.72E+00
Sr-90 Bq 2.00E+02 4.13E-02
Tc-99 Bq 4.14E+06 8.55E+02
Ru-106 B q 1.90E+06 3.93E+O2
1-129 Bq 2.00E+01 4.13E-03
Cs-134 Bq 7.50E+02 1.55E-01
Cs-137 Bq 2.00E+03 4.13E-01
Ce-144 Bq I.20E+02 2.48E-02
Pu-241 Bq 2.50E+O5 5.17E+01
tot. a  activity Bq 2.52E+07 S.21E+03
tot. p activity Bq 6.04E+06 1.25E+03
to t. P-5 activity Bq 4.50E+06 9.30E+02
H NO , kg 6.70E+0I 1.38E-02
TBP kg 3.20E+01 6.61E-03
H N O , kg 6.00E+00 I.24E-03
N a kg 4.38E+00 9.05E-04
U kg 2.50E-01 5 .17E-05
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Low Active Effluents and discharges to sea (W6)
N p-237 Bq 9.90E-02 2.62E-05 H ead end ou t cell Plant availability 365 days
Am-241 Bq 3.80E+02 1.01E-01 effluent Vol. 1.8 m’/day
U a Bq 7.67E-01 2.03E-04 A rea 800 N o link
Cm a Bq 7.40E+O2 1.96E-01
Pu a Bq I.20E+03 3.18E-01
Sr-90 Bq 7.55E+O4 2.00E+01
T c-99 Bq 1.60E+01 4.23E-03
Ru-106 Bq 1.90E+04 5.03E+00
1-129 Bq 3.00E-03 7.94E-07
Cs-134 Bq 4.60E+04 I.22E+ 0I
C s-137 Bq 1.10E+05 2.91E+0I
C e-144 Bq 1.S0E+04 3.97E+00
Pu-241 Bq 3.60E+04 9.53E+00
to t. a  activity Bq 2.32E+03 6.14E-01
to t. P activity Bq 2.66E+05 7.04E+01
to t. p-5 activity Bq 3.24E+05 8.57E+01
N p-237 Bq 6.50E+00 1.72E-03 Chem ical separation Plant availability 365 days
Am-241 Bq 2.50E+04 6.62E+00 o u t cell effluent Vol. 4 .97  m’/day
U a Bq 5.03E+01 1.33E-02 A rea 800 N o link
Cm  a Bq 4.80E+04 1.27E+01
Pu a Bq 7.70E+04 2.04E+01
Pu-241 Bq 2.30E+06 6.09E+02
tot. a  activity Bq 1.50E+05 3.97E+01
N p-237 Bq 5.24E+04 7.60E-02 R eagent gallery/annex B atch discharged 2 times/year
Am-241 Bq 1.19E+05 1.73E-0I acidic drains Vol. 10 m’/day
U a Bq 7.35E+01 1.07E-04 A rea 800 N o link
Cm a Bq I.33E+03 1.93E-03
Pu a Bq 9.85E+05 1.43E+00
Sr-90 Bq 5.89E+06 8.54E+00
Tc-99 Bq I.78E+06 2.58E+00
Ru-106 Bq 2.48E+O7 3.60E+01
I - 129 Bq 9.38E+00 1.36E-05
Cs-134 Bq 3.66E+06 S .3IE +00
C s-137 Bq 8.30E+O6 1.20E+01
Ce-144 Bq 6.33E+05 9.18E-01
Pu-241 Bq 2.96E+07 4.29E+0I
tot. a  activity Bq 1.16E+06 1.68E+00
tot. P activity Bq 4.51E+07 6.54E+01
tot. P-5 activity Bq 5.04E+07 7.31 E+01
U kg 6.33E-05 1.10E-08 Salt F ree Evaporation Plant availability 285 days
Pu kg 2.84E-06 4.94E -10 W5 5 tonne U /day
Np kg 9.45E-03 1.64E-06 A rea 500
Tc kg 1.03E-03 1.78E-07 First effect overheads (0 .04  M  H N 0 3 )
Am kg 3.00E-08 5.22E-12 Vol. 175.6 m’/day
NHiNO? kg 1.75E-03 3.05E-07 +
H N O , kg 5.07E+02 8.82E-02 Fractionator overheads (0.01 M  H N 0 3 )
TBP kg 6.12E+01 I.06E-02 Vol. 101.3 m ’/day
Z r kg 2.64E-05 4.59E-09
Fe kg 3.20E-05 5.57E-09
Np-237 Bq 2.10E+06 3.65E+02
Am-241 Bq 2.37E+06 4.12E+02
U a Bq 6.4IE + 03 1.I2E+00
Cm a Bq 4.71E+06 8.20E+02
Pu a Bq 4.05E+07 7.05E+03
Sr-90 Bq 1.81E+08 3.15E+04
Tc-99 Bq 6.45E+08 I.I2E + 05
Ru-106 Bq 7.I2E + 08 1.24E+05
1-129 Bq 5.20E+07 9.O5E+03
Cs-134 Bq 1.35E+08 2.35E+O4
Cs-137 Bq 2.74E+08 4.77E+04
Ce-144 Bq 7.06E+07 1.23E+04
Pu-241 Bq 1.17E+09 2.04E+05
tot. a  activity Bq 5.05E+07 8.79E+03
tot. p-5 activity Bq 2.31E+09 4.02E+05
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Low Active Effluents and discharges to sea (W6)
u kg 2.07E-06 3.60E -10 Salt F ree Evaporation
Pu kg 9.2 IE-08 1.60E -11 W5
Np kg 2.61E-06 4.53E-10
T c kg 2.87E-05 4.99E-09
N p-237 Bq 6.81E+04 1.18E+01
Am-241 Bq 8.85E+04 1.54E+01
U a Bq 2.09E+02 3.64E-02
Cm a Bq 1.53E+05 2.66E+01
Pu a Bq 1.32E+06 2.30E+02
Sr-90 Bq 5.89E+06 1.02E+03
Tc-99 Bq I.80E+08 3.13E+04
R u-106 Bq 6 .I9E + 06 I.08E+03
1-129 Bq 3.62E+O6 6.30E+O2
Cs-134 Bq 4 .38E+06 7.62E+02
Cs-137 Bq 8.95E+06 1.56E+03
C e-144 Bq 2.30E+06 4.00E+02
Pu-241 Bq 3.92E+O7 6.82E+03
tot. a  activity Bq 1.63E+06 2.84E+02
to t. p  activity Bq 2 .1 1E+08 3.67E+04
to t. P-5 activity Bq 1.31E+08 2.28E+O4
Z r kg 9.97E-07 1.73E-10
Fe mg 8.55E-07 1.49E-10
P 0 4 kg 2.34E-07 4 .0 6 E -1 1
N H .N O , kg 1.51E-04 2.63E-08
H N O , M 9.07E+03 9.07E+03
Np-237 Bq 5.25E+01 3.92E-03 B 550 Flask m aintenance
Am-241 Bq 2.03E+05 1.52E+01
U a Bq 4 .I0E + 02 3.06E-02
Cm  a Bq 3.90E+05 2.91 E+01
Pu a Bq 6.27E+05 4 .6 8 E + 0 1
Co-60 Bq 3.44E+07 2.57E+03
Cs-134 Bq 1.02E+07 7.62E+02
Cs-137 Bq 8.78E+06 6.56E+02
Pu-241 Bq 1.81E+07 1.35E+03
tot. a  activity Bq 1.22E+06 9 .1 1E+0I
to t. P activity Bq 5.34E+07 3.99E+03
tot. P-5 activity Bq 3.20E+07 2.39E+03
N p-237 Bq 1.02E+02 2.70E-02 TH O R P R&S misc.
Am-241 Bq 3.95E+05 1.05E+02
U a Bq 7.98E+02 2.1 IE-01
Cm a Bq 7.62E+05 2.02E+02
Pu a Bq 1.22E+06 3.23E+02
Co-60 Bq 9.46E+07 2.50E+04
Sr-90 Bq 1.50E+06 3.97E+02
Zr-95 Bq 2.4IE+O 6 6.38E+02
Nb-95 Bq 2.53E+07 6.70E+03
Ru-106 Bq 5.81E+06 1.54E+03
Cs-134 Bq 2.13E+07 5.64E+03
Cs-137 Bq 2.65E+08 7.01E+04
Ce-144 Bq 2.54E+08 6.72E+04
Pu-241 Bq 3.52E+07 9.31E+03
tot. a  activity Bq 2.38E+O6 6.30E+02
to t. P activity Bq 6.70E+08 1.77E+05
tot. p-5 activity Bq 6.91E+08 1.83E+05
B oron kg 8.90E+00 2.36E-03
Inactive feed m ' 2.67E+02 6 .19E-02 A rea 500
Inactive feed m ' I.OOE+OO 7.25E-07 A rea 300
Inactive feed m" 5.00E+00 4.53E-05 Head End
Inactive feed m" 1.25E+02 2.90E-02 UN  evaporator
Inactive feed m ' 6 .OOE+OO 4.35E -06 A rea 400
Excess recovered N itric Acid 
P lant availability 285 days 
5 tonne U/day 
Vol. 24 mVday 
A rea 500
Plant availability 103 days 
Vol. 20 m '/day  
N o link
R&S -  receipt & storage 
Plant availability 365 days 
Vol. 6.6 m '/day 
N o  link
SA SC - suspect active steam  condensate 
P lant availability 320 days
C losed circuit cooling w ater shutdow n 
arisings, assum e once per year
Inactive feed effluents/SASC 
batch discharges 12.5 times/year
SASC
Plant availability 320 days
Closed circuit cooling w ater shutdow n 
arisings, assum e once per year
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Low Active Effluents and discharges to sea (W6)
.Outputs Composition Unit per day per TJ Receiver Notes
N p-237 Bq 2.22E+06 4 .48E+02 SETP Total T H O RP acidic effluent
Am-241 Bq 8.20E+06 1 .51E+03 then discharged to  sea Plant availability 355 days
U a  Bq 2.52E+07 5.21E+03 Vol. 875.17 m’/day
Cm a  Bq 1.50E+07 2.93E+03
Pu a  Bq 5.92E+07 1.I7E+04 N eutralise this stream  in SETP and
C o-60 Bq I.29E+08 2.76E+04 then mix with alkaline effluent
Sr-90 Bq 1.11E+09 2.11E+05
Zr-95 Bq 2.41E+06 6.38E+02
N b-95 Bq 2.53E+07 6.70E+03
Tc-99  Bq 8.39E+08 1.71E+05
Ru-106 Bq 9 .8 IE + 08  1.94E+05
1-129 Bq 5.58E+07 1.15E+04
Cs-134 Bq 7.28E+08 1.39E+05
C s-137 Bq 1.85E+09 3 .7IE + 05
Ce-144 Bq 5.99E+08 1.33E+05
Pu-241 Bq 1.73E+09 3.42E+05
tot. a  activity Bq 1.10E+08 2.2OE+04
tot. P activity Bq 6.31E+09 8.39E+05
tot. P-5 activity Bq 6 .85E+09 1.44E+06
N aN O , kg 8.50E-01 1.60E-04
H N O , kg 1.08E+04 2.14E+00
TB P kg 9.30E+01 1.93E-02
U  kg 2.50E-01 5.17E-05
B oron kg 8.90E+00 2.36E-03
H N O : kg 6 .00E+00 1.24E-03
PV A  kg 2.50E+01 4.71E-03
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Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
Alkaline effluent
M ark  3 TH O RP L ow  A ctive effluent flowsheet, rev. 3
O FC PD C/P457
D ecem ber 1991
Daily basis
U 0.08 %
Pu 2.54  %
Daily arisings calculated assum ing events occurs simultaneously, i.e. on sam e day 
Shutdow n arisings are assum ed to  occur once per year 
TH O R P throughput 1200 tonne U /year before irradiation 
0.87  kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
N p-237 Bq 4 .4 9 E + 0 1 8.46E-03 TDC Plant availability 260 days
Am-241 Bq 1.73E+05 3.26E+01 A rea 000 Vol. 1.40 mVday
U a Bq 3.49E+02 6.58E-02 N o link
Cm  a Bq 3.32E+05 6.26E+01
Pu a Bq 5.35E+05 1.01E+02
Sr-90 Bq 3.75E+07 7.07E+03
Zr-95 Bq 3.36E+00 6.33E-04
Nb-95 Bq 3.36E+00 6.33E-04
Tc-99 Bq 8.01E+03 1.51E+00
Ru-106 Bq 9.47E+06 1.79E+03
1-129 Bq 1.52E+01 2.87E-03
Cs-134 Bq 2.28E+07 4.30E+03
Cs-137 Bq 5.27E+07 9.93E+03
C e-144 Bq 7.79E+06 1.47E+03
Pu-241 Bq 1.60E+07 3.02E+03
to t. a  activity Bq 1.04E+06 1.96E+02
to t. P activity Bq 1.30E+08 2.45E+04
tot. 3-5 activity Bq 1.60E+08 3.02E+04
N aOH kg 4.80E+00 9.05E-04
Np-237 Bq 3.93E+05 8.12E+01 LAEM TS Plant availability 285 days
U a Bq 3.04E+06 6.28E+02 A rea 300 Vol. 47.91 m’/day
Pu a Bq 1.85E+07 3.82E+O3 N o link
Sr-90 Bq 9.30E+04 1.92E+01
Zr-95 Bq 4.59E+03 9.48E-0!
Nb-95 Bq 5.46E+03 I.13E+00
Tc-99 Bq 8.65E+07 1.79E+04
R u -106 Bq 8.30E+08 1.71E+05
1-129 Bq 2.41E+06 4.98E+02
C s-134 Bq 1.20E+05 2.48E+01
Cs-137 Bq 2.44E+07 5.O4E+03
C e-144 Bq 1.14E+06 2.36E+02
Pu-241 Bq 5.32E+08 I.10E+05
to t. a  activity Bq 2.19E+07 4.53E+03
to t. p  activity Bq 9.45E+08 1.95E+05
tot. 3 -5  activity Bq 9.68E+08 2.00E+05
N a-C O , kg 1.27E+02 2.62E-02
N aN O , kg 5.10E+00 1.05E-03
H N O kg 3.80E+00 7.85E-04
TBP kg 7.30E+00 1.51E-03
OK kg 5.20E+00 1.07E-03
N p-237 Bq 2.84E+04 5.87E+00 PP Plant N O x generation P lant availability 285 days
Am-241 Bq 3.69E+04 7.62E+00 A rea 300 Vol. 10 mVday
U a Bq 8.69E+01 1.80E-02 N o link
Cm  a Bq 6.38E+04 1.32E+0I
Pu a Bq 5.50E+05 1.I4E+02
Sr-90 Bq 2.45E+06 5.06E+02
Tc-99 Bq 7.50E+O7 1.55E+04
Ru-106 Bq 2.58E+O6 5.33E+02
1-129 Bq 1.51 £+ 06 3 .I2E + 02
C s-134 Bq I.83E+06 3.78E+02
C s-137 Bq 3.73E+06 7.71E+02
Ce-144 Bq 9.58E+05 1.98E+02
Pu-241 Bq 1.63E+07 3.37E+03
tot. a  activity Bq 6.79E+05 1.40E+02
tot. 3  activity Bq 8.81E+07 I.82E+04
tot. 3-5 activity Bq 5.46E+07 1.13E+04
N aOH kg 7.80E+01 1.61E-02
N aN O , kg 2.07E+03 4.27E-01
N aN O : kg 1.59E+02 3.29E-02
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N p-237 Bq 3.00E+04 2 .18E-02 UP & M A  w ash tanks
Am-241 Bq 1.20E+08 8.70E+01
U a Bq 2.40E+05 1.74E-01
Cm a Bq 2.20E+ÛS 1.60E+02
Pu a Bq 3.60E+08 2.61E+02
Sr-90 Bq 1.16E+10 84 1 E + 0 3
Zr-95 Bq I.03E+03 7.47E-04
N b-95 Bq 1.03E+03 7.47E-04
Tc-99 Bq 2.48E+06 1.80E+00
Ru-106 Bq 2.91E+09 2.11E+03
1-129 Bq 4.70E+03 3.41E-03
Cs-134 Bq 7.00E+O9 5.08E+03
Cs-137 Bq 1.60E+10 I.I6 E + 0 4
Ce-144 Bq 2.40E+08 1.74E+02
Pu-241 Bq 1.10E+10 7.98E+03
to t. a  activity Bq 7.00E+08 5.08E+02
tot. 3  activity Bq 3.78E + I0 2.74E+04
to t. P-5 activity Bq 4 .59E + I0 3.33E+04
N p-237 Bq 1.48E+03 5.30E-02 H ead end
Am-241 Bq 5.71E+06 2.05E +02 decontam ination
U a Bq 1.I5E+04 4.12E-01
Cm  a Bq I.I0 E + 0 7 3.94E+02
Pu a Bq I.77E+07 6.34E+02
Sr-90 Bq 9.13E+08 3.27E+04
Zr-95 Bq 8.I8E+01 2.93E-03
N b-95 Bq 8.18E+01 2.93E-03
T c-99 Bq 1.95E+05 6.98E+00
R u -106 Bq 2.31E+08 8.27E+O3
1-129 Bq 3.70E+02 1.33E-02
Cs-134 Bq 5.53E+08 1.98E+04
Cs-137 Bq 1.28E+09 4.58E+04
C e-144 Bq 1.86E+08 6.66E+03
Pu-241 Bq 5.31E+08 1.90E+04
to t. a  activity Bq 3.44E+07 1.23E+03
to t. 3  activity Bq 3.16E+09 1.13E+05
to t. 3-5 activity Bq 3.88E+09 I.39E+05
N p-237 Bq 8.60E+01 1.78E-02 C O G  caustic scrubber
U a Bq 4.00E-01 8.27E-05 A rea 500
Pu a Bq 2.02E+03 4.I7E -01
Sr-90 Bq 7.74E+02 1.60E-01
Tc-99 Bq 1.80E+03 3.72E-01
Ru-106 Bq 1.70E+06 3.51E+02
1-129 Bq 5.95E+06 1.23E+03
Cs-134 Bq 4.50E+02 9.30E-02
Cs-137 Bq 1.I7E+03 2.42E-01
C e-144 Bq 1.93E+03 3.99E-01
Pu-241 Bq 6.06E+04 I.25E+01
tot. a  activity Bq 2.11E+03 4.36E-01
tot. 3  activity Bq 7.66E+06 1.58E+03
to t. P-5 activity Bq 3.39E+06 7.00E+02
Na: CO , kg 2.O2E+O2 4.17E-02
N aN O , kg 1.80E+02 3.72E-02
N aN O , kg I.46E+02 3.02E-02
N aO H kg 3.50E+01 7.23E-03
N3" kg 3.00E-02 6.20E -06
R u-106 Bq 1.06E+08 2.19E +04 TO N  caustic scrubber
to t. 3  activity Bq 1.06E+08 2 .I9E + 04
to t. 3-5 activity Bq 1.14E+08 2.36E+04
N aO H kg 1.50E+02 3.10E-02
N aN O , kg 1.70E+03 3.5 IE-01
N aN O : kg 1.60E+03 3.3 IE-01
N a2CO , kg I.20E+01 2.48E-03
Inactive feed m’ 7.00E+00 5.08E-06 H eating steam  condensât
Inactive feed nr' 1.00E-02 7.25E -09 O M L evaporator
NaOH kg 2.88E+03 4.18E-03 R eagent gallery/annex 
alkali drains
Inactive feed m’ 7.27E+00 1.58E-03 UP 1 H eater conditioner
Shutdow n arisings, assum e once a year 
Vol. 100 m’/shutdow n 
No link
49.4 batch discharges per year 
Vol. 5 mVbatch 
No link
Plant availability 285 days 
Vol. 3.35 m’/day 
N o  link
Plant availability 285 days 
Vol. 18 m’/day 
N o link
Shutdow n arisings, assum e once a year
Shutdow n arisings, assum e once a year
2 batches per year 
Vol. 10 m’/batch
SASC
Plant availability 300 days
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Outputs Composition Unit per day per TJ Receiver
N p-237 Bq 4.23E+05 8.72E+01 SETP
Am-241 Bq 5.92E+06 3.32E+O2 then discharged to  sea
U a Bq 3.05E+06 6.29E+02
Cm a Bq I.14E+07 6.29E+02
Pu a Bq 3.73E+07 4.93E+03
Sr-90 Bq 9.53E+08 4.87E+O4
Zr-95 Bq 4.68E+03 9.53E-01
Nb-95 Bq 5.55E+03 1.13E+00
Tc-99 Bq 1.62E+08 3.34E+O4
R u -106 Bq 1.18E+09 2.06E+05
1-129 Bq 9.87E+06 2.04E+03
Cs-134 Bq 5.78E+08 2.96E+O4
Cs-137 Bq I.36E+09 7.32E+04
Ce-144 Bq 1.96E+08 8.74E+03
Pu-241 Bq 1.10E+09 1.43E+05
to t. a  activity Bq 5.81E+07 6.60E+03
to t. 0  activity Bq 4.44E+09 4.02E+05
tot. 0-5 activity Bq 5.18E+09 4.38E+O5
NaOH kg 3.I5E + 03 5.94E -02
N aN O , kg 3.95E+03 8.16E-01
N aN O ; kg 1.95E+03 3.94E-01
N a;C O , kg 3.41E+02 7.05E-02
TB P kg 7.28E+O0 1.51E-03
OK kg 5.20E+00 1.07E-03
N3- kg 3.00E-02 6.20E -06
Notes
Total alkali effluent 
Vol. 150.84 m'Vday
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Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
Discharges directly to  sea
M ark 3 TH O RP L ow  Active effluent flowsheet, rev. 3
OFCPD C/P457
D ecem ber 1991
Daily basis
0.87 kg  U/TJ
See notes below
Outputs Composition Unit per day per TJ Source Notes
N aO H kg 7.75E+01 9.63E-03 D O G  C 14 supem ate Plant availability 180 days
N aN O ; kg 2.31E+02 2.86E -02 W 2 Vol. 4 .17  m’/day
N aN O , kg 1.66E+02 2.06E-02 (8 .82  m3 discharged every 2 days)
N a (to t) kg 1.66E+02 2.07E-02 7 tonne U /day before irradiation
B a(N O ,); kg 7.40E-01 9.20E-05
B aC O , kg 4.90E -0I 6.09E-05
B a (tot) kg 7.30E-01 9.08E-05
H ;0 kg 4.01E+03 4.99E-01
H-3 Bq 6.90E + I0 8.58E+O6
C-14 Bq 2.90E+09 3.60E+05
Kr-85 Bq 2.50E+10 3.11E+06
Tc-99 Bq 1.30E+07 1.62E+03
Ru-106 Bq I.08E + I0 1.34E+06
1-129 Bq 8.00E+09 9.94E+05
Sr-90 Bq 8.56E+08 1.06E+05
Cs-134 Bq 5.17E+08 6.42E+04
Cs-137 Bq 1.I9E+09 1.48E+05
Ce-144 Bq I.76E+08 2.18E+04
Zr/N b-95 Bq 2.4 IE + 02 3.00E-02
N p-237 Bq 3.43E+03 4.27E-01
Pu a Bq 4.12E+07 5.12E+03
Pu-241 Bq 1.23E+09 I.53E+05
Am-241 Bq 1.25E+07 1.55E+03
Cm  a Bq 2.73E+07 3.39E+03
U a Bq 2.12E+04 2.64E+00
tot. a  activity Bq 8.11E+07 1.01E+04
tot. P -5  activity Bq 1.73E+10 2.15E+06
U O ; kg 3.00E-04 3.73E-08
to t act. Bq I.23E + 1I 1.53E+07
Co-60 Bq 6.OOE+08 1.59E+05 T H O RP pond purge Vol. 1000 m’/day
Sr-90 Bq 5.07E+06 1.34E+03 P2 Plant availability 365 days/yr
Ru-106 Bq 8.3OE+O6 2.20E+03 TH O R P th roughput 1200 tonne U/day
Cs-134 Bq 6.4 IE + 07 I.70E+04
Cs-137 Bq I.12E+09 2.96E+05
Ce-144 Bq 2.77E+07 7.32E+03
Zr/Nb-95 Bq 5.86E+06 1.55E+03
M n-54 Bq 9.32E+07 2.47E+04
Np-237 Bq 8.27E+01 2.19E-02
Pu a Bq 1.05E+06 2.79E+02
Pu-241 Bq 3 .I5E + 07 8.34E+03
Am-241 Bq 3.21E+05 8.48E+0I
Cm a Bq 6.99E+05 1.85E+02
U a Bq 6.22E+02 1.65E-01
tot. a  activity Bq 2.O7E+O6 5.49E+02
tot. P -5  activity Bq I.41E+09 3.74E+05
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Unit process/system 
Reference
Ref. Code 
Date
Functional unit o f original data 
Assumptions
Sea Discharges from  treatm ent plants associated with TH O RP M A /H A  effluents 
Summ ary o f  TH O RP liquid and gaseous discharges to  the environment 
Rev. 4
O FCPD C/P424 
M ay 1991 
Yearly basis
TH O R P throughput 1200 tonne U /year before irradiation 
0 .87  kg U/TJ
Outputs Composition Unit per year per day Source Notes
C o-60 Bq 8.85E+10 6.42E+04 M EB  flushings Ref. P549 R ev 1
Sr-90 Bq 3.14E+10 2.28E+04 v ia E A R P ? N o  link
R u-106 Bq 2.60E+10 1.89E+04 W 10
C s-134 Bq 8.26E+10 5.99E+04
C s-137 Bq 6.99E+11 5.O7E+O5
Ce-144 Bq 2.74E+09 1.99E+03
Z r/N b-95 Bq 2.60E+09 1.89E+03
M n-54 Bq 4.76E+08 3.45E+O2
N p-237 Bq 7.88E+02 5.71E-04
P u a Bq 7.71E+05 5.59E-01
Pu-241 Bq 2.3 IE + 07 1.67E+01
Am-241 Bq 1.90E+06 1.38E+00
Cm  a Bq 6.64E+06 4.81E+00
U a Bq 4.93E+12 3.57E+06
tot. a  activity Bq 9.36E+06 6.79E+00
tot. (3-5 activity Bq 8 .26E + 11 5.99E+05
Sr-90 Bq 3 .6 0 E + 1 1 2.61E+05 H A  evaporator/W V P Predicted
T c-99 Bq 7.70E+07 5.58E+01 W 4 & W 1 1 N o link
R u-106 Bq 8.88E+10 6.44E+04
1-129 Bq 8 .10E+09 5.87E+03
Cs-134 Bq 2 .3 8 E + 1 1 1.73E+05
C s-137 Bq 5.02E + 11 3.64E+O5
Ce-144 Bq 7.56E+10 5.48E+04
N p-237 Bq 1.46E+06 1.06E+00
Pu a Bq 3.45E+07 2.50E+01
Pu-241 Bq 1.05E+09 7.61E+02
Am-241 Bq 1.60E+06 1.16E+00
Cm  a Bq 2.42E+06 1.75E+00
U a Bq 1.07E+12 7.76E+05
to t. a  activity Bq 4.00E+07 2.90E+01
to t. |3-5 activity Bq 1.54E+12 1.12E+06
R u-106 Bq 7.23E+12 5.24E+06 Salt concentrate Ref. P533 Rev. 2
1-129 Bq 1.30E+09 9.43E+02 via EA RP ? N o link
N p-237 Bq 5.70E+O7 4.13E+01 W 10
Pu a Bq 1.82E+08 1.32E+02
Pu-241 Bq 5.44E+09 3.94E+03
A m -241 Bq 5.49E+07 3.98E+01
U a Bq 2.87E+12 2.08E+06
tot. a  activity Bq 3.23E+08 2.34E+02
tot. p -5  activity Bq 7.81E+12 5.66E+06
Sr-90 Bq 8.00E+10 5.80E+04 W EP Ref. no te by J. Park
R u-106 Bq 4.58E+12 3.32E+06 W1
Cs-134 Bq 4.91E+10 3.56E+O4
Cs-137 Bq 1.07E+11 7.76E+O4
Ce-144 Bq 2.98E + I0 2.16E+04
Pu a Bq 5.10E+09 3.70E+03
Pu-241 Bq 1.53E+1I I.11E+05
Am-241 Bq 1.S0E+09 1.09E+03
Cm a Bq 3.50E+09 2.54E+03
tot. a  activity Bq I.01E+10 7.32E+03
to t. P -5  activity Bq 5.28E+12 3.83E+06
Sr-90 Bq 2 .58E + 11 1.87E+05 Solvent T reatm ent P lant Ref. P435 Rev. 4
T c-99 Bq 8.92E+08 6.47E+02 to  sea via SETP N o link
R u-106 Bq 2.34E+10 1.70E+04
1-129 Bq 7.20E+09 5.22E+03
Cs-134 Bq 1.25E+11 9.06E+04
Cs-137 Bq 2.57E+11 1.86E+05
Ce-144 Bq 3.42E+10 2.48E+04
N p-237 Bq 4.60E+O9 3.34E+03
Pu a Bq 9.21E+10 6.68E+04
Pu-241 Bq 2.78E+12 2.02E+06
Am-241 Bq 9.57E+06 6.94E+00
U a Bq 3.89E + I2 2.82E+06
tot. a  activity Bq 9.67E+10 7.01E+04
tot. P -5  activity Bq 9.I1E+11 6.60E+05
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Sr-90 Bq 1.72E+12 1.25E+06 Solvent Treatm ent Plant
T c-99 Bq 5.99E+09 4.34E+03 to  sea via EARP
R u-106 Bq 4 .8 6 E + 1 1 3.52E+05
Cs-134 Bq 8.35E+10 6.05E+04
C s-137 Bq 1.72E +11 1.25E+05
Ce-144 Bq 1.1SE+10 8.34E+03
N p-237 Bq 6 .I6E + 07 4.47E+01
Pu a Bq 9.49E+07 6.88E+01
Pu-241 Bq 2.87E+09 2.08E+03
Am-241 Bq 8.06E+04 5.84E-02
tot. a  activity Bq 1.57E+08 1.I4E+02
tot. P -5  activity Bq 4.20E+12 3.05E+06
R u -106 Bq 4 .2 0 E + I0 3.05E+04 Salt evaporator effluent
I - 129 Bq 6.10E+09 4.42E+03 W 8
N p-237 Bq 1.13E+06 8.19E-01
Pu a Bq 1.24E+09 8.99E+02
Pu-241 Bq 3.72E+10 2.70E+04
Am-241 Bq 3.76E+08 2.73E+O2
U a Bq I.1 3 E + I2 8 .I9E + 05
to t. a  activity Bq I.62E + 09 1.17E+03
to t. 3 - 5  activity Bq 4.69E +10 3.40E+04
Ref. P435 Rev. 4 
N o  link
Ref. P533 Rev. 2 
N o link
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Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
Non active species
F low sheet for non-active species in the TH O R P LA  effluent system
O FCPD C/P586
M ay 1992
Peak daily arisings
285 days/year
TH O RP throughput 1200 tonne U /year before irradiation 
0.87 kg U/TJ
Outputs Composition Unit per day per TJ Source Notes
H + kg I.73E-01 3.57E-05
Li kg 5.32E-03 1.10E-06
B kg 8.90E+00 1.84E-03
F kg 1.57E+00 3.23E-04
N a kg 3.95E+03 8.15E-01
M g kg 1.80E-02 3.72E-06
A1 kg 8.77E-02 1.81E-05
Si kg 6.S7E-02 I.36E-05
Cl kg 1.63E-02 3.37E-06
K kg 4.71E-03 9.73E-07
Ca kg 3.02E-02 6.24E-06
Ti kg 5.00E-03 I.03E-06
V kg 4.15E-02 8.57E-06
Cr kg 1.53E-01 3.16E-05
M n kg 5.20E-02 1.07E-05
Fe kg 7.68E-01 1.59E-04
C o kg 4.71E-03 9.73E-07
Ni kg 6.38E-02 1.32E-05
Cu kg 8.76E-03 1.8 IE-06
Z r kg 2.00E-04 4.13E-08
G a kg 2.00E-04 4.13E-08
G e kg 1.36E-03 2.81E-07
As kg 6.70E-04 1.38E-07
Se kg 3 .10E-04 6.4 IE-08
B r kg 1.25E-01 2.5SE-05
Z r kg 2.6 IE-01 5.39E-05
Nb kg 5.00E-05 1.O3E-0S
M o kg 5.25E-02 1.08E-05
Tc kg 3.90E-04 8.06E-08
Ru kg 7.00E-06 1.45E-09
Rh kg 2.59E-03 S.35E-07
Pd kg 8.27E-03 1.71E-06
Ag kg 2.40E-04 4.96E-08
Cd kg 6.60E-04 1.36E-07
In kg 7.67E-03 1.58E-06
Sn kg 4.20E-04 8.68E-08
Sb kg 7.12E-02 I.47E-05
T c kg 2.77E-03 5.72E-07
I kg 1.74E-03 3.60E-07
Cs kg 9 .10E-03 1.88E-06
B a kg 1.03E+00 2.13E-04
La kg 1.00E-06 2.07E-10
Ce kg 3.00E-06 6.20E-10
Pr kg 1.00E-06 2.07E-10
Nd kg 4.00E-06 8.27E-10
W kg 8.96E-03 1.85E-06
Ta kg 2.00E-06 4.13E -10
Rc kg 8.40E-04 1.74E-07
OS kg 1.90E-04 3.93E-08
Hg kg 3.36E-03 6.94E-07
Pb kg 5.43E-03 I.12E-06
U kg 7.04E+00 1.45E-03
N H 4' kg 1.1 IE-01 2.29E-05
N T V kg 2 .6 5 E -0 1 5.48E-05
N H 3OH" kg 5.25E-02 1.08E-05
CH.,COO" kg 7.76E-02 I.60E-05
C O :" kg 1.93E+02 3.99E-02
C :O T kg 3.12E-0I 6.45E-05
Citrate'" kg 7.20E-01 1.49E-04
H C O - kg 6.90E-01 1.43E-04
N ,’" kg 3.00E-02 6.20E-06
NOV kg 1.43E+03 2.96E-01
N O ,2" kg 1.40E+04 2.89E+00
OH kg 1.37E+03 2.83E-0I
P O /" kg 2.82E+O0 5.83E-04
S O ,2" kg 7.38E+00 1.52E-03
S :0 , kg 1.02E+00 2.1 IE-04
Brom ocresol kg 1.46E-01 3.02E-05
Butanol kg 7.00E-01 1.45E-04
D B P kg 2.00E-02 4.I3E -06
ED TA kg 4.40E -0I 9.09E-05
EO /PO  Block kg I.67E-01 3.45E-05
Ethanol kg 1.44E-01 2.98E-05
Ethylene kg 1.69E-01 3.49E-05
1 Napthyl kg 9.90E-03 2.05E-06
OK kg 7.92E+00 1.64E-03
P-dimethyl kg I.53E+00 3.16E-04
PV A kg 2.24E+00 4.63E-04
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Sulphamic kg 8.00E-01 1.65E-04
Sulphanilic kg 1.10E-02 2.27E-06
TB P kg 1.00E+02 2.07E-02
Fiso-SP kg  2.00E+00 4.13E-04
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Salt Azide Conditioning (W7)
Unit process/system  
Reference
Ref. Code 
Date
Functional unit o f original data 
Mass Balance
Assumptions
Salt A zide Conditioning (SAC)
M K2 TH O R P Salt Azide Conditioning flow sheet. Rev. 4
Excluding feeds from  PPSW 2A R  &  3A R  as they are m ost likely routed  to  EA RP
O FCPD C/P533
O ctober 1991
Daily basis. 5 tonne U /day before irradiation 
U 0.01 %
Pu 0.38 %
0.87 kgU /TJ
Inputs Composition Unit per day per TJ Source Notes
U kg 2.50E-02 4.35E-06 H A  Solvent W ash H ASW 2
Pu kg 2.90E-05 5.05E-09 W 13.1 Vol. 7.52 m’/day
N p kg 2 .10E-05 3.65E-09
Ru-106 Bq 8 .3 3 E + 1 1 1.45E+08
1-129 Bq 1.53E+07 2.66E+03
N a2CO , M 4.00E-03 6.96E-07
NaCl kg 4.34E-01 7.55E-05
N a N 0 2 M 2.20E-01 3.83E-05
N aN 3 M 8.70E-02 I S IE-05
N aN O , M 3.20E-02 5.57E-06
Fe kg 6.31E-03 1.10E-06
TBP L 2.58E+00 4.49E-04
O K L 2.56E+00 4.45E-04
D BP kg 3.58E-01 6.23E-05
u kg 2.50E -02 4.35E -06 H A  Solvent W ash HASW 3
R u-106 Bq 1.71E+11 2.98E+07 W 13.1 Vol. 14.53 m'Vday
1-129 Bq 1.95E+07 3.39E+03
N aOH M 1.00E-01 1.74E-05
Fe kg 2.50E-04 4.35E-08
TBP L 5.17E+00 9.00E-04
OK L 5.11E+00 8.89E-04
D BP kg 4.82E-01 8.39E-05
NaCl kg 5.00E-03 8.70E-07
Ru-106 Bq 9 .70E+09 1.69E+06 H A  Solvent W ash HASW 4
N aN O , M 5.00E-03 8.70E-07 W13.1 Vol. 7.3 mVday
H N O , M 5.00E-03 8.70E-07
Fe kg 6.00E-05 1.04E-08
TBP L 2.58E+00 4.49E-04
OK L 2.56E+00 4.45E-04
D BP kg 7.30E-02 1.27E-05
U kg 2.00E-02 3.48E-06 LA  Solvent W ash LASW 1
Pu kg 9 .00E -07 I.57E-10 W 13.2 Vol. 12 m'Vday
R u-106 Bq 1.00E+09 1.74E+05
N a2C O , M 8.70E-02 1.51E-05
N aN , M 1.50E-02 2.61E-06
N aN O , M 1.00E-02 1.74E-06
Fe kg 9.90E-04 1.72E-07
TBP L 3.77E+00 6.56E-04
OK L 5.28E+00 9.19E-04
DBP kg 5.88E-01 1.02E-04
NaCl kg 6.69E-01 1.16E-04
H N O , (6M ) m3 1.18E+00 2.04E-04 Ph adjustm ent
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Salt Azide Conditioning (W7)
Outputs Composition Unit per day perTJ Receiver
TBP L 5.27E+00 9.17E-04 W aste solvent w ash
OK L 1.46E+01 2.55E-03 W 14
U kg 8.00E-06 1.39E-09
Pu kg 1.32E-08 2.30E-12
N p kg 9.87E-09 1.72E-12
R u-106 Bq 2.71E+07 4.71E+03
A ir kg 7.O4E+O3 1.22E+00 O ff-gas scrubber
C O : kg 6.01E+01 1.05E-02 W 9
N 20 kg 3.60E+01 6.26E-03
N : kg 2.29E+01 3.98E-03
NO kg 1.63E+01 2.84E-03
1-129 Bq 3.48E+06 6.06E+02
OK L 8.80E-01 1.53E-04
H N , kg 3.51E-02 6.1 IE-06
U kg 7.00E-02 1.22E-05 Salt E vaporator
Pu kg 3.00E-05 5.22E-09 W8
Np kg 2.10E-05 3.65E-09
R u -106 Bq 1.02E+12 I.77E+08
1-129 Bq 3.13E+07 5.45E+03
N aN O , moles 7.03E+03 1.22E+00
H N O , moles 4.44E+O2 7.73E-02
Na moles 7.03E+03 1.22E+00
Na M 1.58E-01 2.75E-05
Fe kg 7.61E-03 1.32E-06
TB P L 8.63E+00 1.50E-03
D BP kg l.SOE+OO 2.6 IE-04
NaCl kg 1.11E+00 1.93E-04
P-5 activity Bq 1.10E+12 I.91E+08
Notes
Vol. 0.02 mVday
Azide free salt stream 
Vol. 44.43 m'Vday
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Salt Evaporator (W8)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
Salt Evaporator
M K 2 Theoretical T H O RP/m agnox salt evaporation flowsheets for normal feeds 
TD  M em o 105 
N ovem ber 1991
Daily basis, 5 tonne U /day before irradiation 
U  0 %
Pu 0 %
0.87  kg  U /TJ
Inputs Composition Unit per day per TJ Source Notes
u kg 7.00E-02 1.22E-05 SAC Vol. 44.43 mVday
Pu kg 3.00E-05 5.22E -09 W 7
Np kg 2.10E-05 3.65E -09
Ru-106 Bq 1.02E+12 1.77E+08
I - 129 Bq 3.I3E + 07 5.45E+03
N aN O , moles 7.03E+03 1.22E+00
HN O , moles 4.44E+02 7.73E-02
N a 7.03E+03 1.22E+00
Na M 1.58E-01 2.75E-05
Fe kg 7.61E-03 1.32E-06
TB P kg 8.63E+00 1.50E-03
D BP kg 1.50E+00 2.61E-04
N aCl kg 1.11E+00 1.93E-04
P-5 activity Bq 1.10E+12 1.91E+08
N aO H M 2.00E+00 2.00E+00
H N 0 3 M 1.20E+01 1.20E+01 N eutraliser
Outputs Composition Unit per day per TJ Receiver Notes
N aO H M 2.00E+00 2.O0E+00 LA E  (B242) Vol. 1.78 m3/day
a activity Bq 3.59E+05 6.24E+01 Caustic
P-5 activity Bq 1.10E+08 1.91E+04
I - 129 Bq 1.38E+06 2.40E+02
a activity Bq 2.00E+00 3.48E -04 S tack Off-gas
P-5 activity Bq 1.67E+02 2.91E-02 Vol. 17800 m'Vday
1-129 Bq 3.13E+04 5.45E+00
Steam  condensate m3 I.OOE+OI 1.74E-03 LAE neutraliser
W 6
TB P kg 8.48E+00 1.48E-03 LAE Steam strip overheads
a activity Bq 3 .I4E + 03 5.46E-01 W 6 Vol. 33.67 m'Vday
P-5 activity Bq 2.48E+06 4.32E+O2
1-129 Bq 1.53E+07 2.67E+03
1-129 Bq 4.95E+06 8.61E+02 EA RP Vol. 1.406 mVday
N aN O , 7.02E+03 7.02E+03 W 10
NaCl kg 1.11E+00 1.93E-04
H N O , M 3.50E-01 6.09E-05
U kg 7.00E-02 1.22E-05
Fe-D BP kg 9.30E-02 1.62E-05
excess D BP kg 1.42E+00 2.46E-04
TBP kg 1.24E-02 2.16E-06
Pu kg 6.00E-07 1.04E-10
P-5 activity Bq 7.78E+11 1.35E+08
Ru-106 Bq 7.21E + 11 1.25E+08
Steam  C ondensate m3 6.89E+01 1.20E-02 LAE, W 6 evaporator
Steam  C ondensate m3 7.00E+00 I.22E-03 L A E .W 6 ejector &  condenser
TB P kg 1.61E-01 2.80E-05 LAE Evaporator overheads
a activity Bq 1.58E+04 2.75E+00 W 6 Vol. 47.58 m'Vday
p-5 activity Bq 4.55E+07 7.9IE + 03
1-129 Bq 9.65E+06 1.68E+03
Ancillary
Steam kg 1.00E+04 1.74E+00 Preheater
Steam kg 3.60E+04 6.26E+00 Steam  Stripper
Steam kg 6.89E+04 1.20E+01 Evaporator
Steam kg 7.00E+03 1.22E+00 E jector &  condenser
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Central Off-gas Plant and THORP Aerial Discharges (W9)
Unit process/system
Reference
Date
Functional unit of original data 
Assumptions
TH O RP Aerial discharges (Building ventilation &  D O G )
OFCPDCVP604
April 1993
Daily basis
0.87  kg  U /TJ
See notes below
Outputs Composition Unit per day per TJ Source Notes
N ; m3 9.01E+03 1.12E+00 D O G 7 tonne U /day before irradiation
02 m3 2.14E+03 2.66E-01 W 2
Ar nr’ I.08E+02 1.34E-02
C 0 2 m’ 1.00E-02 1.24E-06
N O m 3 1.50E-01 1.86E-05
n o 2 m3 9 .40E -01 1.17E-04
h 2o kg 1.22E+02 1.52E-02
to tK r kg 3.13E+00 3.89E-04
to t 1 kg 1.60E-02 1.99E-06
to t Xe kg 4.49E+01 5.58E-03
Fuel dust kg 4.00E-07 4 .9 7 E -1 1
H-3 Bq 1.26E +11 1.57E+07
C-14 Bq 2.35E+09 2.92E+05
K r-85 Bq 2.15E+15 2 .6 7 E + 1 1
Sr-90 Bq 1.19E+06 1.48E+02
R u-106 Bq 1.30E+08 1.62E+04
1-129 Bq 8.24E+07 1.02E+04
Cs-134 Bq 5.83E+05 7.25E+01
Cs-137 Bq 1.67E+06 2.08E+02
C e-144 Bq 2.46E+05 3.06E+01
P u a Bq 5.86E+04 7.28E+00
Pu-241 Bq 1.60E+06 1.99E+02
Am-241 Bq 1.62E+04 2.01E+00
Cm-244 Bq 3.38E+04 4.20E+0O
N p-237 Bq 4.67E+00 5.80E-04
Tc-99 Bq 2.56E+02 3.18E-02
P m -147 Bq 6.67E+05 8.29E+0I
U a Bq 2.96E+01 3.68E-03
R u -106 Bq 1.20E+06 3 .I8E + 02  TD N Plant availability 365 days/year
U a Bq 2.04E+04 5.40E+00 TH O RP throughput 1200 tonne U /year
H-3 Bq 3.31E+08 8.76E+04 Cell ventilation system Plant availability 365 days/year
Sr-90 Bq 1.02E+07 2.70E+03 w /H EPA  filters TH O RP throughput 1200 tonne U /year
Ru-106 Bq 2.86E+06 7.57E+02
1-129 Bq 3.32E+0I 8.79E-03
Cs-134 Bq 6.96E+06 1.84E+03
C s-137 Bq I.4 IE + 07 3.73E+03
C e -144 Bq 2.09E+06 5.53E+02
Pu a Bq 6.23E+05 1.65E+02
Pu-241 Bq 1.77E+07 4.68E+03
Am-241 Bq 1.90E+05 5.03E+01
Cm-244 Bq 3.34E+05 8.84E+01
N p-237 Bq 4.17E+01 1.10E-02
Tc-99 Bq 2.15E+03 5.69E-01
Pm -147 Bq 5.56E+06 1.47E+03
U a Bq 5.0SE+02 1.34E-01
Sr-90 Bq 1.04E+03 2.75E-01 Building ventilation P lant availability 365 days/year
Ru-106 Bq 2.64E+05 6.99E+01 C3 areas T H O RP throughput 1200 tonne U/year
Cs-134 Bq 5.08E+02 1.34E-01 to  stack Discharged th rough single s tage  H EPA
Cs-137 Bq 1460.000 3.86E-01 filters
C e -144 Bq 2.14E+02 5.66E-02
Pu a Bq 5 .1 1E+0I 1.35E-02
Pu-241 Bq 1.39E+03 3.68E-01
Am-241 Bq I.41E+0I 3.73E-03
Cm-244 Bq 2.95E+01 7.81E-03
Np-237 Bq 4.00E-03 1.06E-06
Tc-99 Bq 2.00E-01 5.29E-05
Pm-147 Bq 5.82E+02 1.54E-01
U a Bq 3.00E-02 7.94E-06
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Central Off-gas Plant and THORP Aerial Discharges (W9)
Sr-90 Bq 2.07E+05 5.48E+01 Building v
R u -106 Bq 5.27E+04 1.39E+0I C2 areas
Cs-134 Bq 1.01E+05 2.67E+01 to  stack
Cs-137 Bq 2.90E+05 7.67E+01
C e -144 Bq 4.26E+04 1.13E+01
Pu a Bq 10200.000 2.70E+00
Pu-241 Bq 2.78E+05 7.36E+01
Am-241 Bq 2.82E+03 7.46E-01
Cm-244 Bq 5.87E+03 I.55E + 00
N p-237 Bq 8.00E-01 2.12E-04
T c-99 Bq 4.46E+01 . 1.18E-02
Pm -147 Bq 1.16E+05 3.07E+01
U a Bq 5.10E+00 1.35E-03
Sr-90 Bq 1.83E+00 4.84E -04 Glovebox
Ru-106 Bq 5.08E+00 1.34E-03 to  stack
1-129 Bq 6.82E+03 1.80E+00
Cs-134 Bq 1.60E+00 4.23E-04
Cs-137 Bq 3.40E+00 9.00E-04
C e -144 Bq 9.20E-01 2.43E-04
Pu a Bq 1.53E+05 4.05E+01
Pu-241 Bq 4.58E+06 1.21E+03
Am-241 Bq 5.42E+02 I.43E-01
Cm-244 Bq 1.00E-01 2.65E-05
T c-99 Bq 7.86E+00 2.08E-03
Pm -147 Bq l.SOE+OO 4.76E -04
U a Bq 3.00E-02 7.94E-06
Plant availability 365 days/year 
TH O R P throughput 1200 tonne U /year 
Discharged w ithout filtering
Plant availability 365 days/year 
T H O R P throughput 1200 tonne U /year
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Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
Central OfF-gas Plant (Vessel ventilation)
TH O RP H ECSP Vessel ventilation interaction diagram 
0/PR /2S4050
Daily basis
P lant availability 365 days/year 
TH O RP throughput 1200 tonne U /year 
0.87 kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
Air kg 1.63E+04 4.31E+00 LAE Vol. 1.66E+04 m3/day
H 20 kg 8.01E+02 2.12E-01 N itric Acid recovery M ass 1.74E+04 kg /day
N o kg 1.58E+02 4.19E -02 SFE
N 20 kg 3.60E+O1 9.53E-03 M A FT (iodine)
C 0 3 kg 7.83E+01 2.07E-02
H N , kg 0.040 1.06E-05
OK kg 2.60E+00 6.88E-04
Pu a Bq 3.46E+O5 9.16E+0I
Pu-241 Bq 1.05E+07 2.78E+O3
N p Bq 1.84E+04 4.87E+00
U a Bq 2.84E+01 7.52E-03
C o-60 Bq 3.36E+01 8.89E-03
Cm -244 Bq 8.22E+04 2.18E+01
Sr-90 Bq 1.56E+06 4.13E+02
Tc-99 Bq 1.48E+06 3.92E+02
Ru-106 Bq 4.43E+06 1.17E+03
1-129 Bq 1.19E+07 3.15E+03
Cs-134 Bq 1.06E+06 2.81E+02
Cs-137 Bq 2.58E+06 6.83E+02
C e -144 Bq 5.96E+05 1.58E+02
Total FPs Bq 4.07E+07 1.08E+04
Air kg 3.21E+04 8.49E+00 H A  cycle (solvent discharge Vol. 2 .91E +04 mVday
H 20 kg 4.03E+02 1.07E-01 Feed ponds M ass 3.26E +04 kg/day
N :0 kg 1.63E+00 4.3 IE -04  Head end caustic vents
H N , kg 4.00E-02 1.06E-05 D econtam ination centre
TB P kg 4.20E-01 1.1 IE -04  UP cycle
OK kg 106.800 2.83E -02 PP  N O x generation
Pu a Bq 1.65E+04 4.37E +00 SFE
Pu-241 Bq 4.97E+05 1.32E+02 U finishing
N p Bq 1.96E+04 5.19E+00 M A FT (N O x free)
U a Bq 1.90E+05 5.03E+01
Kr-85 Bq 5.06E+04 1.34E+01
C-14 Bq 3.16E+05 8.36E+01
H-3 Bq I.41E+05 3.73E+01
Co-60 Bq 7.27E+03 I.92E+00
Cm-244 Bq 1.82E+06 4.82E+02
Sr-90 Bq 1.22E+05 3.23E+0I
Tc-99 Bq 4.20E+03 1.11E+00
Ru-106 Bq 1.20E+08 3.18E+04
1-129 Bq 1.69E+04 4.47E+00
Cs-134 Bq 1.03E+05 2.73E +0I
Cs-137 Bq 2.18E+05 5.77E+0I
C e -144 Bq 1.33E+07 3.52E+03
T otal FPs Bq 1.74E+08 4.60E+04
Air kg 4.50E+04 1.19 E + 0 1 H ead end acid vents Vol. 4 .24E +04 m'Vday
H :0 kg 1.09E+03 2.87E-01 H A  cycle M ass 4 .66E +04 kg/day
N o kg 8.02E+01 2.12E-02 PP  cycle
N O - kg 5.49E+01 1.45E-02 PP  NOx conditioning
N 20 kg 1.37E+02 3.63E-02
C O ­ kg 1.62E+00 4.29E-04
H N , kg 3.60E+00 9.53E-04
TB P kg 7.60E-01 2.0 IE-04
OK kg 1.91E+02 5.04E-02
Pu a Bq 2.51E+10 6.64E+06
Pu-241 Bq 7.58E+10 2.01E+07
N p Bq 9.82E+05 2.60E+02
U a Bq 5.61E+06 1.48E+03
H-3 Bq 1.09E +11 2.88E+07
Cm-244 Bq 6.67E+09 1.77E+06
Sr-90 Bq 2 .3 6 E + 1 1 6.25E+07
Tc-99 Bq 7.12E+07 1.88E+04
R u-106 Bq 6.03 E + 10 I.60E+07
1-129 Bq 3.92E+07 1.04E+04
Cs-134 Bq 1.21E+11 3.20E+07
Cs-137 Bq 3.2 9 E + 1 1 8.71E+07
C e -144 Bq 4.85E+10 1.28E+07
T otal FPs Bq I.78E+12 4.71E+08
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Outputs
Air kg 8.47E+04 2.24E+01 H A  cycle (pulse columns) Vol. 7 .19E +04 m’/day
H 20 kg I.40E+01 3.70E-03 H A  cycle (RFDs) M ass 8 .48E+04 kg/day
TBP kg 3.10E-01 8.20E-05 PP cycle (pulse colum ns)
OK kg 7.92E+01 2 .10E-02 PP cycle (RFDs)
Pu a Bq 2.44E+08 6.46E+04
Pu-241 Bq 7.37E+09 1.95E+06
Np Bq 6.53E+03 1.73E+00
U a Bq 7.42E+04 I.96E+01
C m-244 Bq 7.93E+04 2 .10E+0I
S r-90 Bq 2.88E+06 7.62E+02
Tc-99 Bq 5.16E+05 1.37E+02
R u-106 Bq 1.86E+06 4.92E+O2
1-129 B q 3.34E+02 8.84E-02
Cs-134 B q 1.05E+06 2.78E+02
Cs-137 Bq 2.21E+06 5.85E+02
C e-144 Bq 5.75E+05 1.52E+02
T otal FPs Bq 7.64E+09 2.02E+06
N aOH kg 4.36E+02 1.15E-01 Vol. 3.93 m'Vday
H - 0 kg 3.92E+03 1.04E+00
Composition Unit per day per TJ Receiver Notes
Air kg 2.32E+05 6.14E+01 S tack Vol. 2 .13E+05 mVday
H 20 kg 2.32E+03 6.13E-01 M ass 2.34E +05 kg/day
N O , kg 1.15E+02 3.03E-02
N 20 kg I.75E+02 4 .63E -02
c o 2 kg 1.62E+00 4.29E-04
H N , kg 3.64E+00 9.63E-04
TBP kg 1.49E+00 3.94E-04
OK kg 3.79E+02 l.OOE-Ol
P u a Bq 4.96E+07 1.31E+04
Pu-241 Bq 1.50E+09 3.97E+05
N p Bq 3.78E+03 1.00E+00
U a Bq 3.21E+04 8.49E+0O
K r-85 Bq 5.06E+04 1.34E+01
C-14 Bq 3.16E+05 8.36E+0I
H-3 Bq 1.09E+09 2.88E+05
C o-60 Bq 7.27E+07 I.92E+04
C m-244 Bq 6.85E+06 1.81E+03
Sr-90 Bq 2.36E+08 6.25E+04
Tc-99 Bq 1.38E+05 3.65E+01
R u-106 Bq 1.29E+08 3.41E+04
1-129 Bq 4.52E+07 1.20E+04
Cs-134 Bq 1.21E+08 3.2OE+04
C s-137 Bq 3.30E+08 8.73E+04
C e -144 Bq 4.99E+07 1.32E+04
Total FPs Bq 3.69E+09 9.76E+05
H ,0 kg 4.65E+03 1.23E+00 LAE Vol. 4.58 mVday
N aN , kg 6.00E-02 1.59E-05 W 6
N aOH kg 8.72E+01 2 .3 1E-02
N a,C O , kg 1.89E+02 4.99E-02
N aN O , kg 2.19E+02 5.80E-02
N aN O , kg 177.96 4.71E-02
P u a Bq 3.12E+05 8 .2 6 E + 0 1
Pu-241 Bq 9.41E+06 2.49E+03
Np-237 Bq 1.65E+04 4.37E+OO
U a Bq 2.60E+0I 6.88E-03
Sr-90 Bq 1.40E+06 3.70E+02
Tc-99 Bq 1.33E+06 3.52E+02
R u -106 Bq 3.11E+06 8.23E+02
1-129 Bq 5.96E+06 1.58E+03
Cs-134 Bq 9.52E+05 2.52E+02
Cs-137 Bq 2.33E+06 6.17E+02
C e -144 Bq 5.36E+05 1.42E+02
Total FPs Bq 2.69E+07 7.12E+03
H ,0 kg 1.01E+03 2.67E-01 SFE Vol. 1.04 mVday
Pu a Bq 4.96E+10 1.31E+07 W5 M ass 1010.52 kg/day
Pu-241 Bq 1.50E+12 3.97E+08
Np-237 Bq 1.94E+06 5.14E+02
U a Bq 1.1 IE+07 2.94E+03
Sr-90 Bq 4 .68E + 11 I.24E+08
Tc-99 Bq 1.41 E+OS 3.73E+04
Ru-106 Bq 1.I9E+ I1 3.16E+07
Cs-134 Bq 2.40E + 11 6.35E+07
Cs-137 Bq 6 .54E + 11 1.73E+08
C e -144 Bq 9.60E+10 2.54E+07
Total FPs Bq 3.52E+12 9 .3IE + 08
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H ,0  kg 5.33E+03 1 .4IE + 00 SFE Vol. 5 .57  m’/day
H N O , kg 1.57E+02 4.15E-02 W 5 M ass 5488.33 kg/day
P u a  Bq 4.46E+08 1.18E+05
Pu-241 Bq 1.35E+10 3.57E+06
Np-237 Bq 3.40E+04 9.00E+00
U a  Bq 2.88E+05 7.62E+01
Sr-90 Bq 2.13E+09 S.64E+05
Tc-99 B q 1.24E+06 3.28E+02
Ru-106 Bq 9.90E+08 2.62E+05
C s-134 Bq 1.09E+09 2.88E+05
C s-137 B q 2 .97E+09 7.86E+05
C e -144 Bq 4.49E+08 1.I9E+05
T otal FPs Bq 2 .38E+10 6.30E+06
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Unit process/system 
Reference
Ref. Code 
Date
Functional unit of original data 
Assumptions
Air Discharges from treatm ent plants associated with TH O RP (LA /M A /H A ) 
Summary o f  TH O RP liquid and gaseous discharges to  the environment 
Rev. 4
OFCPD C/P424 
01/05/91 
Yearly basis
T H O RP throughput 1200 tonne U /year 
0.87 kg U/TJ
Outputs Composition Unit per year per TJ Source Notes
R u-106 Bq 4.3OE+04 3.12E -02 Salt evaporator effluents Ref. R M  736
1-129 Bq 3.00E+07 2.18E+01
P u a Bq 4.46E+03 3.23E-03
Pu-241 Bq 1.34E+05 9.72E-02
Am-241 Bq 1.35E+03 9.79E-04
N p-237 Bq 4.10E+00 2.97E-06
U a Bq 4 .10E+00 2.97E-06
to t. a  activity Bq 4.82E+03 3.49E-03
tot. (3-5 activity Bq 7.85E+06 5.69E+00
Sr-90 B q 3.60E+09 2.61E+03 B215 H A  evaporator
Ru-106 Bq 8.80E+08 6.38E+02
1-129 Bq 7.00E+08 5.08E+02
Cs-134 Bq 2.38E+09 1.73E+03
C s-137 Bq 5.02E+09 3.64E+03
C e -144 Bq 7.56E+08 5.48E+02
Pu a Bq 3.45E+05 2.50E-01
Pu-241 Bq 1.05E+07 7.61E+00
Am-241 Bq 1.60E+04 1.16E-02
Cm  a Bq 2.42E+04 I.75E-02
Np-237 Bq 1 46E+04 1.06E-02
Tc-99 Bq 7.70E+05 5.58E-01
U a Bq 1.07E+0I 7.76E-06
to t. a  activity Bq 4.00E+05 2.90E-01
tot. p -5  activity Bq 1.56E+10 1.13E+04
Sr-90 Bq 6.28E+00 4.55E -06 EA RP
R u-106 Bq 8.00E+02 5.80E-04
1-129 Bq 2.00E+08 1 45E+02
Cs-134 Bq 3.40E+01 2.47E-05
Cs-137 Bq 5.10E+02 3.70E-04
C e -144 Bq 4.00E+00 2.90E-06
P u a Bq 3.40E-03 2.47E-09
Pu-241 Bq 1.02E-01 7.40E-08
Am-241 Bq 3.40E-01 2.47E-07
Cm a Bq 1.20E-01 8.70E-08
N p-237 B q 9.72E+00 7.05E-06
T c-99 Bq 3.19E+02 2.31E-04
C o-60 Bq 3.41E+03 2.47E-03
U a Bq 1.00E-02 7.25E-09
tot. a  activity Bq 1.02E+01 7.40E-06
tot. P -5  activity Bq 5.20E+07 3.77E+01
Sr-90 Bq 1.02E+04 7.40E-03 STP
R u-106 Bq 2.40E+06 I.74E+00
1-129 Bq 1.80E+09 1.31E+03
C s-134 Bq 4.86E+03 3.52E-03
Cs-137 Bq 1.01E+04 7.32E-03
C e -144 Bq I.84E+03 I.33E-03
Pu a Bq 1.56E+02 1.13E-04
Pu-241 Bq 4.69E+03 3.40E-03
Am-241 Bq 8.90E-03 6.45E-09
N p-237 Bq 7.81E+00 5.66E-06
Tc-99 Bq 2 .9 8 E + 0 1 2.16E-05
tot. a  activity Bq I.64E+02 1.I9E-04
tot. P -5  activity Bq 4.71 E+08 3.41E+02
H-3 Bq 1.35E+04 9.79E-03 W V P &  EP2 EP2 Ref. T D TC /P50
C-14 Bq 5 .11E+04 3.70E-02
Sr-90 Bq 4.81E+06 3.49E+00
R u -106 Bq 7.20E+08 5.22E+02
1-129 Bq 4.00E+08 2.90E+02
Cs-134 Bq 9.17E+06 6.65E+00
Cs-137 Bq 1.32E+07 9.57E+00
C e -144 Bq 3.28E+02 2.38E-04
Pu a Bq 2.01 E+05 1.46E-0I
Pu-241 Bq 5.25E+00 3.8 IE-06
Am-241 Bq 6.61E+04 4.79E-02
Cm a Bq 1.39E+05 1.01E-OI
Np-237 Bq 7.30E-03 5.29E-09
Tc-99 Bq 1.77E+03 1.28E-03
U a Bq 5.35E-06 3.88E-12
tot. a  activity Bq 4.06E+05 2.94E-01
to t. P -5  activity Bq 9 .10E+0S 6.60E+02
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H-3 Bq 7.S2E+08 5.45E+02 SETP
Sr-90 Bq 3.29E+04 2.39E-02
R u-106 Bq 5.40E+04 3.92E-02
1-129 Bq 9.00E+06 6.53E+00
Cs-134 Bq 1.99E+04 1.44E-02
Cs-137 Bq 4.59E+04 3.33E-02
C e -144 Bq 1.01E+04 7.32E-03
Pu a Bq 2.43E+03 1.76E-03
Pu-241 Bq 6.89E+04 5.00E-02
Am-241 Bq 3.03E+02 2.20E-04
Cm a Bq 5.S2E+02 4.00E-04
N p-237 Bq 6.85E+01 4.97E-05
Tc-99 Bq 2.60E+04 I.89E-02
U a Bq 8.94E+O2 6.48E-04
to t. a  activity Bq 4.25E+03 3.08E-03
tot. (3-5 activity Bq 2.55E+06 1.85E+00
85
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Enhanced Actinide Removal Plant (WIO)
Unit process/system 
Reference
Ref. Code 
Date
Functional unit o f original data 
Mass Balance
Assumptions
E A R P bulks line
P rocess Flow sheets-basis o f  commissioning.
E A RP bulks including TH O RP streams, normal iron
O /PR/01288422
July 1992
Daily basis
Pu a  0.1 %
Am-241 0 .2 6 %
Daily basis, 5 tonne U /day before irradiation 
0.87 kg U/TJ
T he EA R P bulks line contain mixed M agnox and TH O R P stream s, i.e. allocation 
is required on the outputs
T he M agnox stream s have been normalised to  the functional unit applicable to  T H O RP
Inputs Composition Unit per day per TJ Source Notes
Pu a Bq 4.O5E+O9 7.05E+05 LA EM T Vol. 66  m3/day
Am-241 Bq 3.70E+09 6.44E+05 M agnox
N p-237 Bq 3.57E+08 6.21E+04 L A EM T includes
Cm-242 Bq 3.14E+08 5.47E+04 L A SW  1,2,3 AR
Cm-243 B q 1.11E+08 1.93E+04 Steam  stripped overheads
total a  activity Bq 8.S1E+09 1.48E+06 P P1/3A R
Pu-241 Bq 1.66E+11 2.88E+07 PPSW 2A R
Sr-90 Bq 1.32E+09 2.30E+05
Zr-95 Bq 7.39E+10 1.29E+07 Ref. M K 9 O perational flow sheet for
N b-95 Bq 1.59E+10 2.77E+06 B205 &  B268 R T G (88)4 Rev. 1
Tc-99 Bq 5.38E+09 9.36E+05
Ru-103 Bq 3.81E+09 6.63E+05
Ru-106 Bq 7.06E+10 1.23E+07
Cs-134 Bq 1.32E+09 2.30E+05
Cs-137 Bq 5.29E+09 9.21E+05
Ce-144 Bq 2.65E+09 4.61 E+05
H-3 Bq 4.21E+06 7.33E+02
1-129 Bq 3.77E+07 6.56E+03
Pm-147 Bq 5.45E+09 9.49E+05
E u -152 Bq 9.31E+07 1.62E+04
E u -154 Bq 1.96E+08 3.41E+04
E u -155 Bq 1.61 E+08 2.80E+04
Sb-125 Bq 7.52E+08 1.31 E+05
T ot. P (excl. Pu-241) Bq 1.87E+11 3.25E+07
T ot. P (incl. Pu-241) Bq 3 .52E + 11 6.13E+07
TB P kg 6.20E+00 1.08E-03
OK kg 8.18E+00 1.42E-03
Fe kg 1.14E+02 1.99E-02
N O ,- M 1.04E+00 1.81E-04
H + M 1.04E+00 1.81E-04
SO , M 6.20E-02 1.08E-05
N a M 1.80E-01 3.13E-05
N a-C O , M 2.80E-02 4.87E-06
CO - M 1.12E-02 1.95E-06
N et acid M 9.87E-01 1.72E-04
Pu a Bq 4.39E+O8 7.64E+04 UP1AR Vol. 84 m3/day
Am-241 Bq 7 .I4E + 07 1.24E+04 M agnox
Np-237 Bq 1.23E+09 2.13E+05
Cm-242 Bq 3.96E+08 6.88E+04
Cm-243 Bq 1.43E+08 2.48E+04
total a  activity Bq 2.28E+09 3.96E+05
Pu-241 Bq 1.80E+10 3.13E+06
Sr-90 Bq 7.29E+08 1.27E+05
Zr-95 Bq 9.58E+10 1.67E+07
Nb-95 Bq 1.82E+10 3.17E+06
Tc-99 Bq 4.38E+09 7.63E+05
Ru-103 Bq 5.92E+O9 1.03E+06
Ru-106 Bq 4 .44E + I0 7.72E+06
Cs-134 Bq 3.70E+09 6.45E+05
Cs-137 Bq 1.48E+18 2.57E + I4
Ce-144 Bq I.19E+10 2.08E+06
H-3 Bq 5.39E+O6 9.38E+02
Pm-147 Bq 6.94E+09 1.21E+06
E u -152 Bq 1.18E+08 2.05E+04
E u -154 Bq 2.50E+08 4.36E+04
E u -155 Bq 2.04E+08 3.55E+04
Sb-125 Bq 9.58E+08 1.67E+05
Tot. p (excl. P u-241) Bq 2.08E + 11 3.62E+07
Tot. P (incl. Pu-241) Bq 2 .2 6 E + 1 1 3.93E+07
N O ,- M 1.63E+00 2.84E-04
H + M 1.63E+00 2.84E-04
N et acid M 1.63E+00 2.84E-04
Pu a Bq 7.42E+09 1.29E+06 Pu ex w Vol. 72 m'Vday
Am-241 Bq I.07E+08 1.87E+04 M agnox
to tal a activity Bq 7.49E+09 I.30E+06
Pu-241 Bq 3.03E + 11 5.27E+07
T ot. P (incl. Pu-241) Bq 3 .0 3 E + 1 1 5.27E+07
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Pu a Bq 3.24E+10 5.6SE+06 PPSW 1A R Vol. 15.6 m’/day
Am-241 Bq 5.01E+08 8.71E+04 M agnox
N p-237 Bq 1.43E+08 2.49E+O4
total a  activity Bq 3.31E+10 5.75E+06
Pu-241 Bq 1.33E+12 2.31 E+08
Zr-95 Bq 2.85E+07 4.97E+03
Nb-95 B q 2.85E+07 4.97E+03
Tc-99 Bq 6.36E+04 1 .11E+01
Ru-103 Bq 1.21E+08 2 .1 1E+04
R u-106 Bq 7.71E+08 1.34E+05
Cs-134 Bq 4 .10E+06 7.14E+02
Cs-137 Bq 1.09E+07 1.89E+03
Ce-144 Bq 3.20E+O6 5.56E+02
T ot. P (excl. Pu-241) Bq 9.67E+08 1.68E+05
Tot. P (incl. Pu-241) Bq 1.33E+12 2.31E+08
DBP kg 9.52E-02 1.66E-05
TBP kg 2.89E+00 5.02E-04
OK kg 6.05E+00 1.05E-03
Fe kg 1.12E-02 1.95E-06
N O ,- M 2.60E-02 4.52E-06
H + M 2.60E-02 4.52E-06
N a M 1.08E-01 1.88E-05
N a2CO , M 5.40E-02 9.40E-06
C 0 2 M 2.16E-02 3.76E-06
N et acid M 8.20E-02 1.43E-05
Pu a Bq I.31E+07 2.28E+03 M EB flushings Vol. 25 m’/day
total a  activity Bq 1.3 IE+07 2.28E+03 TH O RP 25*7/5=35
Pu-241 Bq 3.78E+O8 6.57E+04 P2
Sr-90 Bq 3.10E+08 5.39E+04
Zr-95 Bq 3.50E+08 6.09E+04
N b-95 Bq 1.68E+08 2.92E+04
R u-106 Bq 8.68E+08 1.51E+05
C s-134 Bq 5.13E+09 8.92E+05
C s-137 B q 7.38E+10 1.28E+07
C e-144 Bq 3.33E+08 5.79E+04
C o-60 Bq 3.55E+10 6.18E+06
C o-60 (ins) Bq 1.86E+10 3.24E+06
M n-54 (ins) Bq 2.O9E+O9 3.64E+05
Sb-125 Bq 4.78E+O8 8.31E+04
T ot. p (excl. Pu-241) Bq 1 .38E +11 2.39E+07
Tot. p (incl. Pu-241) Bq 1.38E +11 2.40E+07
B O , M 9.56E-02 I.66E-05
U kg 2.10E-02 3.65E-06 PP  Solvent W ash Vol. 1.8 m’/day
Pu kg 4.00E-04 6.96E-08 W 13.3
Np kg 2.00E-04 3.48E-08 Ref. EPPO /EA RP/D C/92/P1
Pu a Bq 5.60E+09 9.74E+05 A ug. 92
N p-237 Bq 5.29E+06 9.21E+02
to tal a  activity Bq 5.60E+09 9.74E+05
Pu-241 Bq 9.40E+10 1.63E+07
Ru-106 Bq 2.11E+10 3.66E+06
T ot. P (excl. Pu-241) Bq 2 .11E+10 3.66E+06
T ot. P (incl. Pu-241) Bq 1.15E+11 2.00E+07
Na M 4.60E -0I 8.00E-05
Na-CO , M 2.30E -0! 4.00E-05
N aN O , M 4.00E-02 6.96E-06
C O : M 9.20E-02 1.60E-05
Pu kg 2.00E-05 3.48E-09 PP  Solvent W ash Vol. 0 .9  m’/day
N p kg 5.00E-06 8.70E-10 W 13.3
P u  a Bq 2.80E+08 4.87E+04
N p-237 Bq 1.30E+05 2.26E+01
to tal a  activity Bq 2.80E+08 4.87E+04
Pu-241 Bq 9.18E+09 1.60E+06
R u-106 Bq 1.00E+09 1.74E+05
T ot. P (excl. Pu-241) Bq 9.99E+O8 1.74E+05
T ot. p (incl. Pu-241) Bq 1.02E+10 1.77E+06
N O ,- M 1.00E-02 1.74E-06
H+ M 5.00E-03 8.70E-07
Na M 5.00E-03 8.70E-07
N et acid M 5.00E-03 8.70E-07
N aN O , M 5.00E-03 8.70E-07
H N O , M 5.00E-03 8.70E-07
P u c t Bq 1.00E+07 1.74E+03 B209 Vol. 0 .14 m’/day
total a  activity Bq 1.00E+07 1.74E+03 M agnox
Pu-241 Bq 4.49E+08 7.82E+04 Caustic scrubber data
T o t. P (incl. Pu-241) Bq 4.49E+08 7.82E+04
Na M 2.00E+00 3.48E-04
OH - M I.00E+00 1.74E-04
N et acid M I.00E+00 1 74E-04
P u c t Bq 3.33E+07 5.79E+03 B295 Vol. 1.9 m’/day
to tal a  activity Bq 3.33E+07 5.79E+03
Pu-241 Bq 1.34E+09 2.34E+05 C austic scrubber data
T ot. P (incl. Pu-241) Bq 1.34E+09 2.34E+05 Ref. E A R P/D C/P026 part 2
N O ,- M 1.30E+00 2.26E-04
H + M 1.30E+00 2.26E-04
N et acid M 1.30E+00 2.26E-04
8 8
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P u a Bq 1.29E+07
Am-241 Bq 1.27E+06
N p-237 Bq 4.91E+05
Cm-242 Bq 2.07E+05
Cm-243 Bq 7.37E+04
total a  activity Bq 1.49E+07
Pu-241 Bq 5.26E+08
Zr-95 Bq 4.91E+07
Nb-95 Bq 9.79E+06
Ru-103 Bq 2.34E+06
Ru-106 Bq 2.61E+07
Cs-134 Bq 2.67E+06
Cs-137 Bq 2.46E+07
C e-144 Bq 2.88E+06
Co-60 Bq 1.12E+08
Co-60 (ins) Bq 5.40E+O6
M n-54 (ins) Bq 6.O7E+05
Tot. P (excl. Pu-241) Bq 2.35E+08
T ot. P (incl. Pu-241) Bq 7.62E+08
Fe kg 1.00E+01
P u c t Bq 1.22E+04
Am-241 Bq 6.73E+05
N p-237 Bq 1.29E+02
total a  activity Bq 6.86E+05
Sr-90 Bq 1.43E+08
Tc-99 Bq 1.70E+04
R u-106 Bq 2.59E+08
Cs-134 Bq 2.35E+07
Cs-137 Bq 3.07E+08
T ot. P (excl. Pu-241) Bq 7.33E+08
T ot. P (incl. Pu-241) Bq 7.33E+08
Fe kg 2.00E-01
P u a Bq 1.81E+06
Am-241 Bq 5.10E+05
N p-237 ■ Bq 7.83E+04
total a  activity Bq 2.39E+06
Pu-241 Bq 6.26E+07
Sr-90 Bq 1.04E+07
Zr-95 Bq 9.90E+05
Nb-95 Bq 5.13E+05
Tc-99 Bq 6.04E+07
Ru-106 Bq 3.6 IE+07
Cs-134 Bq 5.83E+06
Cs-137 Bq 1.70E+07
Ce-144 Bq 5.13E+06
C o-60 (solution) Bq 1.74E+05
1-129 Bq 1.90E+03
T ot. p (excl Pu-241) Bq 1.36E+08
T ot. P (incl. Pu-241) Bq 1.98E+0S
N O ,- M 8.00E+00
H + M 8.00E+00
N et acid M 8.00E+00
Pu a Bq 6.38E+07
Am-241 Bq I.94E+08
total a  activity Bq 2.57E+08
Pu-241 Bq 4.64E+09
Sr-90 Bq 4.66E+08
Zr-95 Bq 3.21E+06
Nb-95 Bq 3.34E+06
Ru-103 Bq 2.59E+05
Ru-106 Bq 3.65E+07
Cs-134 Bq 2.83E+O5
Cs-137 Bq 8.06E+06
Ce-144 Bq 1.97E+06
C o-60 (solution) Bq 1.01E+06
1-129 Bq 1.60E+06
E U -154 Bq 6.27E+O5
E U -155 Bq 3.17E+05
Sb-125 Bq 6.55E+06
Tot. P (excl. Pu-241) Bq 2.50E+08
T ot. p (incl. Pu-241) Bq 5.17E+09
N O ,- M 1.70E+00
H+ M 1.70E+00
Net acid M 1.70E+00
2.24E+03 W PEP 
2.20E+02 W 12 
8.54E+01 
3.60E +0!
I.28E+01
2.58E+03
9.15E+04
8.54E+03
1.70E+03
4.08E+02
4.54E+03
4.65E+02
4.29E+03
5.01E+02
1.95E+04
9.40E+02
1.06E+02
4.10E+04
1.33E+05
I.74E-03
2.12E+00 W V P
1.17E+02 W l l
2.24E-02
1.19E+02
2.49E+04
2.96E+00
4 .51E+04
4.09E+03
5.34E+04
1.28E+05
1.28E+05
3.4SE-05
3 .15E+02 EPM F 
8.87E+01 Effluent Plant 
I.36E+01 M aintenance facility 
4 .17E+02 
1.09E+04 
1.81E+03 
1.72E+02 
8.93E+01 
1.05E+04 
6.28E+03 
I.01E+03 
2.96E+03 
8.93E+02 
3.03E+01 
3.30E-01 
2.37E+04 
3.45E+04 
I.39E-03 
I.39E-03 
1.39E-03
I .I IE + 0 4  B259
3.37E+04
4.47E+04
8.07E+05
8.12E+04
5.58E+02
5.82E+02
4.50E+01
6.35E+03
4 .9 3 E + 0 1
1.40E+03
3.42E+02
1.76E+02
2.79E+02
1.09E+02
5.S2E+01
1.14E+03
4.36E+04
8.99E+05
2.96E-04
2.96E-04
2.96E-04
Vol. 1.1 m'Vday
Recycle from W PEP 
(w ashings from  transfer 
o f  concentrates floe)
Vol. 10 mVday
Low  active effluent 
Ref. EA R P/D C/P149
Vol. 0 .17  m ’/day
Active effluent data 
EA R P/D C/P130
Vol. 0 .56  mVday 
Effluent data
Ref. E PPO /EA RP/D C /92/P159
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Outputs Composition Unit Value__________________Receiver
Pu a Bq 5.03E+10 S.76E+06 W PEP
Am-241 Bq 4.58E+09 7.96E+O5 W 12
Np-237 Bq 1.70E+09 2.95E+05
Cm-242 Bq 7.11 E+08 I.24E+05
Cm-243 Bq 2.54E+08 4.42E+04
to tal a  activity Bq 5.76E+10 1.00E+07
Pu-241 Bq 1.92E+12 3.35E+08
Zr-95 Bq 1 .69E+11 2.94E +07
Nb-95 B q 3.37E+10 5.86E+06
R u-103 Bq 7.99E+09 1.39E+06
R u-106 Bq 1.06E +11 1.85E+07
Cs-134 B q 9.19E+09 1.60E+06
C s-137 Bq 8.49E+10 1.48E+07
Ce-144 Bq 9.65E+09 1.68E+06
C o-60 (solution) Bq 3.39E+10 5.90E+06
C o-60 (insolution) Bq 1.86E+10 3.24E+06
M n-54 (insolution) Bq 2.10E+09 3.66E+05
T ot. P (excl. Pu-241) Bq 4 .7 6 E + 1 1 8 .29E+07
T ot. P (incl. Pu-241) Bq 2.39E+12 4.16E +08
D BP kg 9.55E-02 1.66E-05
TB P kg 2.00E-03 3.47E -07
OK kg 2.37E+01 4.13E-03
Fe kg 1.25E+02 2.17E -02
Fe(C N )6 kg 7.03E+00 1.22E-03
N O ,- M 1.1 IE-02 1.93E-06
SO , M 2.16E-04 3.76E-08
N a M 1.2 IE-02 2.1 IE-06
O H- M 1.00E-05 I.74E-09
c o 2 M 6.56E-05 1.14E-08
N et acid M I.O0E-05 1.74E-09
B O , M 1.26E-04 2.19E-08
Pu a Bq 8.40E+07 1.46E+04 SETP
Am-241 Bq 1.40E+07 2.44E+O3 W 6
Np-237 Bq 2.80E+07 4.87E+03
Cm-242 Bq 2.80E+04 4.87E +00
Cm-243 Bq 2.80E+04 4.87E+00
total a  activity Bq 1.26E+08 2.19E+04
Pu-241 Bq 2.80E+09 4.87E+05
Sr-90 Bq 2.22E+09 3.86E+05
Zr-95 Bq 5.60E+08 9 .74E+04
Nb-95 Bq 5.04E+08 8.77E+04
Tc-99 Bq 7.31E+09 1.27E+06
Ru-103 Bq 1.40E+09 2.44E+05
R u -106 Bq 2.44E+10 4.24E+06
Cs-134 Bq 7.59E+08 1.32E+05
Cs-137 Bq 7.00E+09 1.22E+06
Ce-144 Bq 3.92E+09 6.82E+05
C o-60 (solution) Bq 1.26E+09 2.I9E + 05
C o-60 (insolution) Bq 1.39E+07 2.41E+03
M n-54 (insolution) Bq 1.56E+06 2.71E+02
H-3 Bq 7.14E+06 1.24E+03
1-129 Bq 2.94E+07 5.12E+03
Pm-147 Bq 9.21E+09 1 60E+06
E u -152 Bq 1.57E+08 2.73E+04
Eu-154 Bq 3.33E+08 5.80E+04
E u -155 Bq 2.72E+08 4.73E+04
Sb-125 Bq 1.63E+09 2.84E+05
T ot. p (excl. Pu-241) Bq 6.10E+10 1.06E+07
Tot. P (incl. Pu-241) Bq 6.38E+10 1.11E+07
TB P kg 6.61E+00 1.15E-03
N O ,- M 5.40E-01 9.40E-05
S 0 4 M 1.06E-02 1.84E-06
N a M 5.92E-0I 1.03E-04
OH- M 1.00E-05 1.74E-09
CO- M 3.21E-03 5.59E-07
N et acid M 1.00E-05 1.74E-09
B O , M 6.18E-03 1.08E-06
Notes
Vol. 2.08 m’/day  
Final floe
Perm eate discharge 
NB Original data was given per m’ 
Assum e volum e o f  stream  is 
280 m’/day
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Enhanced Actinide Removal Plant (WIO)
Unit process/system 
Reference
Ref. Code 
Date
Functional unit o f original data 
Mass Balance
Assumptions
EA R P SEC line
Process Flow sheets-basis o f  commissioning.
EA R P Salt E vaporator concentrate line (M agnox SEC)
B O 7.5082 /110/957 
D ecem ber 1990 
Y early basis 
U 
Pu
T he data below  is from  the M agnox plant, and similar data is required 
fo r salt evaporator concentrate from  the TH O RP Salt evaporator (W 8)
T he data is only reported  for illustrative purposes and have been normalised 
to  the functional unit applicable to  TH O RP 
0.87 kg  U/TJ
T H O R P throughput 1200 tonne U /year before irradiation
Inputs Composition Unit per year per TJ Source Notes
Pu-241 Bq 1.90E+15 1.38E+09 Salt Evaporator Vol. 1375 mVyear
P u a Bq 5.64E+13 4.09E+07 M agnox (B212)
Am-241 Bq 1.33E+13 9.61E+06 stream
Sr-90 Bq 1.19E +11 8 .6IE + 04
R u -106 Bq 4.30E+14 3.12E+08
Cs-134 Bq 9.0 5 E + 1 1 6.56E+05
Cs-137 Bq 9.27E+11 6.72E+05
Ce-144 Bq 4 .0 3 E + 1 1 2.92E+05
1-129 Bq 1.16E +11 8.42E+04
total a  activity Bq 7.01E + I3 5.08E+07
T ot. P (excl. Pu-241) Bq 4.33E+14 3.14E+08
Tot. P (incl. Pu-241) Bq 2.33E+15 1.69E+09
Caustic m3 8.80E+01 6.38E-05
Fe(N O )):. in ' 2.34E+01 1.69E-05
ferrocyanide m5 3.7IE+OI 2.69E-05
Outputs Composition Unit Value Receiver Notes
Pu-241 Bq 1.90E+15 I.37E+09 W PEP Vol. 27.917 mVyear
P u a Bq 5.64E +I3 4.09E+07
Am-241 Bq 1.33E+13 9.61E+06
Sr-90 Bq 1.68E+09 1.22E+03
R u -106 Bq 2.99E+14 2.17E+08
Cs-134 Bq 8 .96E + 11 6.50E+O5
Cs-137 Bq 9 .18E + 11 6.66E+05
Ce-144 Bq 3.9 9 E + 1 1 2.89E+05
1-129 Bq 1.64E+09 1.19E+03
total a  activity Bq 6.96E+13 5.05E+07
T ot. P (excl. Pu-241) Bq 3.00E+14 2.18E+08
T ot. P (incl. Pu-241) Bq 2.20E+15 1.59E+09
Pu-241 Bq 1.89E +11 1.37E+05 Perm eate discharge Vol. 1945.227 m’/year
Pu a Bq 5.62E+09 4.08E+03
Am-241 Bq 1.32E+09 9.59E+02
Sr-90 Bq 1 .I7 E + 1 1 8.49E+04
R u -106 Bq 1.32E+14 9.56E+07
Cs-134 Bq 8.93E+09 6.47E+03
Cs-137 Bq 9.12E+09 6.61E+03
Ce-144 Bq 3.97E+09 2.88E+03
1-129 Bq 1 .I5 E + 1 1 8 .3 1E+04
to tal a  activity Bq 6.94E+09 5.03E+03
T ot. p (excl. Pu-241) Bq I.32E + I4 9.59E+07
T ot. P (incl. Pu-241) Bq I.32E + I4 9.59E+07
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Waste Vitrification Plant (W ll)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
W VP
M agnox, TH O R P & blended W aste flowsheets for W V P, Rev. 1 
T D  M em o 487 H LW TC/93/P106 
M arch 1994
H ourly flow  for one process line
2 process lines operating 24 hrs/day
W orst case as W V P feed will normally be a t least 6 yrs cooled.
Daily basis, 5 tonne U /day before irradiation
0.87 kg U-TJ
2 lines
Inputs Composition Unit per line/hr per day per TJ Source Notes
F Ps (128 g/1) kg 1.28E-01 1.59E+02 2.77E-02 T H O R P feed Vol. 25.951 1/h
A ddition Products (31 g/1) kg 3.11E -02 3.88E+01 6.75E-03 H A  evaporator M ass 38.141 kg/h
A ctinide content (4 .7  g/1) kg 4.68E-03 5.83E+00 1.01E-03 W 4 N B  1 o f  2 lines
A nions (0.3 g/1) kg 2.65E -04 3.30E-01 5.74E-05
N O ,- (280 g/1) kg 2.80E-OI 3.49E+02 6.07E-02 Includes
H + N 1.54E+00 1.54E+00 1.54E+00 5 .9 6 7 1/h L iN 03
H 20 kg 2.41E+01 1.16E+03 2.01E-01 7.16 kg/h L iN 03
H N O , kg 2.52E +00 1.21E+02 2.10E-02 and
S r-90 Bq 2 .9 0 E + I4 1.39E+16 2.42E+12 19.984 1/h HA L
products T c-99 Bq 6 .5 2 E + I0 3.13E+12 5.45E+08 39.98 kg/h HAL
R u-106 Bq 7.80E+13 3.74E+15 6 .51E + 11
1-129 Bq 6.82E+05 3.27E+07 5.70E+03 D ensity  L iN O , =  1.2 kg/1
Cs-134 Bq 1.95E+14 9.36E+15 1.63E+12 D ensity H A L = 1 .5 5  g/cm3
Cs-137 Bq 4.24E +14 2.04E+16 3.54E+12
C e-144 Bq 5.97E+13 2.87E+15 4 .99E + 11
Eu-154 Bq 3.41E+13 1.64E+15 2 .85E + 11
Actinides U -235 Bq 2.31E+04 1.11E+06 1.93E+02 Assum e incorporation
N p-237 Bq 1.16E+09 5.57E + I0 9.69E+06 o f  w aste oxides
U -238 Bq 3.35E+05 1.6 IE+07 2.80E+03 to  be 20 w t%
Pu-241 Bq 8.44E+11 4.05E+13 7.05E+09
Am-241 Bq 4.37E +12 2 .10E+14 3 .65E + I0
Cm -242 Bq 9 .6 IE + 1 0 4 .61E + I2 8.03E+08
C m -244 Bq 8.28E+12 3.97E+14 6.92E+10
O ther FPs Bq 9 .55E+14 4.58E+16 7.98E+12
to tal activity Bq 2.05E+15 9.84E+16 1.71E+13
S ugar solution kg 6.39E +00 3.07E+02 5.34E-02 sugar solution 6 1/h
H 20 kg 5.36E +00 2.57E+O2 4.48E-02
h2o kg 1.10E+01 5.30E+02 9.23E-02 D ilution w ater
Glass frit kg 1.95E+01 9.38E+02 1.63E-01
H 20 kg 1.71E+01 8.21E+02 1.43E-01 M ake-up w a te r 18 1/h
H N O , kg 2.08E+00 9.98E +0I 1.74E-02 D ust scrubber
2 lines
Outputs Composition Unit per line/hr per day per TJ Receiver Notes
F Ps (16.523 w % ) kg 4 .I3 E + 0 0 I.98E+02 3.45E-02 Glass product Vol. 9.058 1/h
S i0 2 (46.280 w % ) kg 1.16E+01 5.55E+02 9.66E-02 M ass 25 kg/h
B 20 ,  (16.440 w % ) kg 4.11E+00 1.97E+02 3.43E-02 D ensity 2.76 g/cnv1
N a20  (8 .280  w % ) kg 2.07E+00 9.94E+0I 1.73E-02 W aste oxide =  2 0 %
Li20  (4 .00  w % ) kg 1.00E+00 4.80E +0I 8.35E-03
Fission Sr-90 Bq 2.90E+14 1.39E+I6 2.42E+12
products T c-99 Bq 4.34E +10 2.08E+12 3.62E+08
R u-106 Bq 7.18E+13 3.45E+15 6 .0 0 E + 1 1
Cs-134 Bq 1.63E+14 7.82E+15 1.36E+I2
Cs-137 Bq 3.56E+14 1 .71E+I6 2 .97E + I2
C e-144 Bq 5.96E+13 2.86E+15 4 .9 8 E + 1 1
Eu-154 Bq 3.41E+13 1.64E+15 2 .8 5 E + 1 1
Actinides U-235 Bq 2.30E+04 1.10E+06 1.92E+02
N p-237 Bq 1.16E+09 5.57E+10 9.69E+06
U -238 Bq 3.35E+05 1.61E+07 2.8OE+O3
Pu-241 Bq 8.43E+11 4 .0 5 E + 13 7.O4E+09
Am-241 Bq 4 .37E+12 2.10E+14 3.65E+10
C m -242 Bq 9 .60E+10 4.61E+12 8.02E+08
Cm -244 Bq 8.27E+12 3.97E+14 6.91E+10
O ther FPs Bq 9.54E+14 4.58E+16 7.97E+12
to tal activity Bq 1.95E+15 9.36E+16 1.63E+13
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products
Actinides
Fission
products
Actinides
Fission
products
Actinides
H ,0 kg 5.78E+01 2.78E+03 4.83E-01 H A  effluent tank
H N O , kg 9.77E+00 4.69E+02 8.16E-02 then
Sr-90 Bq 2 .91E + 11 1.40E+13 2.43E+09 H A  evaporator
Tc-99 Bq 2.15E+10 1.03E+12 I.80E+08 W4
R u-106 Bq 8.87E+10 4.26E+12 7.41E+08
1-129 Bq 4.09E+05 1.96E+07 3.42E+03
Cs-134 Bq 3.16E+13 1.52E+15 2 .6 4 E + 1 1
C s-137 Bq 6.67E+13 3.20E+15 5.57E + 11
Ce-144 Bq 5.99E + I0 2.88E+12 5.00E+08
Eu-154 Bq 3.43E+10 1.65E+12 2.86E+08
U-235 Bq 2.31E+01 1.1 IE+03 1.93E-01
N p-237 Bq I.17E+06 5.62E+07 9.77E+03
U-238 Bq 3.36E+02 1.61E+04 2.8 IE + 00
Pu-241 Bq 8.47E+08 4.07E+10 7.07E+06
Am-241 Bq 4.39E+09 2.11E+11 3.67E+07
Cm -242 Bq 9.65E+07 4.63E+09 8.06E+0S
Cm -244 Bq 8.31E+09 3.99E+11 6.94E+07
O ther FPs Bq 9 .69E + 11 4.65E+13 8.09E+O9
total activity Bq 9.98E+13 4.79E+15 8.34E+11
H 20 kg 2.03E+01 9.74E+02 1.70E-01 H A  effluent tank
H N O , kg 2.00E+00 9 .58E +0I 1.67E-02 then
Sr-90 Bq 1.45E+09 6.96E+10 1.2IE+ 07 H A  evaporator
Tc-99 Bq 2.09E+08 1.00E+10 1.75E+06 W 4
R u-106 Bq 8.60E+08 4.13E+10 7.18E+06
C s-134 Bq 3 .04E + 11 1.46E+13 2.54E+09
C s-137 Bq 6.40E+11 3.07E+13 5.35E+09
Ce-144 Bq 2.98E+08 1.43E+10 2.49E+06
Eu-154 Bq 1.70E+08 8.16E+09 1.42E+06
U -235 Bq 1.15E-01 5.52E+O0 9.60E-04
N p-237 Bq 5.80E+O3 2.78E+05 4.84E+01
U -238 Bq 1.67E+00 8.02E+01 1.39E-02
Pu-241 Bq 4.21E +06 2.02E+08 3.52E+04
Am-241 Bq 2.18E+07 1.05E+09 1.82E+05
C m-242 Bq 4.80E+05 2.30E+07 4.01E+03
Cm-244 Bq 4.13E+07 I.98E+09 3.45E+05
O ther FPs Bq 5.24E+09 2.52E+11 4.38E+07
to tal activity Bq 9 .52E + 11 4.57E+13 7.95E+09
NOx kg 1.06E-01 5.09E+00 8.85E-04 W VP
O : kg 4.46E+01 2.14E+03 3.72E-01 Off-gas treatm ent
C 0 2 kg I.58E+00 7.60E+01 I.32E-02 W l l
n 2 kg 1.52E+02 7.29E+03 1.27E+00
h 2o kg 8.02E-01 3.85E+01 6.70E-03
Sr-90 Bq I.97E+08 9 .46E+09 1.65E+06
T c-99 Bq 1.02E+07 4.90E+08 8.52E+04
R u -106 Bq 7.9 IE+07 3 .80E+09 6.61 E+05
1-129 Bq 2.73E+05 1.31E+07 2.28E+03
Cs-134 Bq 1.49E+10 7.15E+11 1.24E+08
C s-137 Bq 3.14E+10 1.51E+12 2.62E+08
C e-144 Bq 4.04E+07 1.94E+09 3.37E+05
E u-154 Bq 2.3 IE+07 1.I1E + 09 1.93E+05
U -235 Bq 1.56E-02 7.49E-01 1.30E-04
N p-237 Bq 7.86E+02 3.77E+04 6.56E+00
U -238 Bq 2.27E-01 1.09E+01 1.90E-03
Pu-241 Bq 5.71E+05 2.74E+07 4.77E+03
Am-241 Bq 2.96E+06 1.42E+08 2.47E+04
Cm-242 Bq 6.51E+04 3.12E+06 5.44E+02
Cm-244 Bq 5.61E+06 2.69E+08 4.69E+04
O ther FPs Bq 6.73E+08 3.23E+10 5.62E+06
to tal activity Bq 4.73E+10 2.27E+12 3.95E+08
Vol. 62.958 1/h 
M ass 67.585 kg/h
C ondensate
Vol. 21.313 1/h 
M ass 22.293 kg/h
Nitric acid effluent
Vol. 153.214 Nm’/h 
M ass 199.017 kg/h
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Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
W V P OfF-gas treatm ent
M agnox, TH O R P & blended W aste flowsheets fo r W V P, Rev. 1 
T D  M em o 487 H L W T C /93/P106 
M arch 1994
H ourly flow  fo r tw o  process line
24 hours operation/day
Daily basis, 5 tonne U /day before irradiation
0.87 kg U/TJ
Inputs Composition Unit per hour per day per TJ Source Notes
N O x kg 2.12E-01 5.09E+00 8.85E-04 Process off-gas 2 lines Vol. 306.428 Nm’/h
o : kg 8.91E +0I 2.14E+03 3.72E-01 W ll M ass 398.034 kg/h
c o 2 kg 3.17E+00 7.60E+01 1.32E-02
n 2 kg 3.O4E+02 7.29E+03 1.27E+00
h 2o kg 1.60E+00 3.85E+01 6.70E-03
Fission Sr-90 Bq 3.94E+08 9.46E+09 1.65E+06
products Tc-99 Bq 2.04E+07 4.90E+08 8.52E+04
Ru-106 Bq 1.58E+08 3.80E+09 6.61E+05
1-129 Bq 5.46E+05 1.31E+07 2.28E+03
Cs-134 Bq 2.98E+10 7.15E+11 I.24E+08
Cs-137 Bq 6.28E+10 1.51E+12 2.62E+08
C e-144 Bq 8.08E+07 1.94E+09 3.37E+05
Actinides Eu-154 Bq 4.62E+07 1.11E+09 1.93 E+05
U-235 Bq 3.12E-02 7.49E-01 1.30E-04
N p-237 Bq 1.57E+03 3.77E+04 6.56E+00
U-238 Bq 4.54E-01 1.09E+01 I.90E-03
Pu-241 Bq 1.14E+06 2.74E+07 4.77E+03
Am-241 Bq 5.92E+06 1.42E+08 2.47E+04
Cm-242 Bq 1.30E+05 3.I2E + 06 5.44E+02
Cm-244 Bq 1.12E+07 2.69E+08 4.69E+04
O ther FPs Bq I.35E+ 09 3.23E+10 5.62E+06
to tal activity Bq 9.46E+10 2.27E+12 3.95E+08
o 2 kg 102.808 2.47E+03 4.29E-01 Various off-gas and Vol. 363.431 Nm’/h
n 2 kg 340.309 8 I7E+03 1.42E+00 vessel vents M ass 460.124 kg/h
h 2o kg 17.041 4.09E+02 7.12E-02 W ll
Sr-90 Bq 1.18E+10 2 .82E + 11 4.91E+07
products T c-99 Bq 2.62E+06 6.29E+07 1.09E+04
R u -106 Bq 3 .I7E + 09 7.61E + I0 1.32E+07
C s-134 Bq 7.92E+09 1.90E+II 3.31E+07
C s-137 Bq I.72E + 10 4 .1 2 E + 1 1 7.16E+07
Ce-144 Bq 2.42E-K)9 5.81E+10 1.0 IE+07
Actinides Eu-154 Bq 1.38E+09 3.32E+10 5.78E+06
U-235 Bq 9.35E-01 2.24E+01 3.90E-03
N p-237 Bq 4.70E+04 I.I3 E + 0 6 1.96E+02
U-238 Bq 1.36E+01 3.26E+02 5.67E-02
Pu-241 Bq 3.42E+07 8.21 E+08 1.43E+05
Am-241 Bq 1.77E+08 4.25E+09 7.40E+05
C m -242 Bq 3.90E+06 9.35E+07 1.63E+04
Cm-244 Bq 3.36E+08 8.05E+09 I.40E+06
O ther FPs Bq 3.87E+10 9 .3 0 E + 1 1 1.62E+08
to tal activity Bq 8.32E+10 2.00E+12 3.47E+08
o 2 kg 3.60E+01 8.65E+02 1.5IE-01 E S P  purge
N : kg 1.19E+02 2.86E+03 4.98E-01 Vol. 120.952 kg/h
H 20 kg 7.77E-01 1.86E+01 3.24E-03 M ass 156.952 1/h
h 2o kg 2.00E+01 4.80E+02 8.35E-02 scrubber
Outputs Composition Unit per hour per day per TJ Receiver Notes
H 20 kg 6.40E+02 1.54E+04 2 .67E+00 M A effluent tank Vol. 640.012 kg/h
Fission Sr-90 Bq 9 .90E + I0 2.38E+12 4.14E+08 then
products T c-99 Bq 2.22E+07 5.34E+08 9.29E+04 M A evaporator C ombined vessel
R u -106 Bq 2 .6 7 E + I0 6.41 E + 11 1.1 IE+ 03 W5 vent condensate
Cs-134 Bq 6.67E+10 1.60E+I2 2.78E+08
C s-137 Bq 1.45E+11 3.47E+12 6.04E+08
C e-144 Bq 2.04E +10 4 .89E + 11 8.5 IE+07
E u-154 Bq 1.17E+10 2 .80E + 11 4.87E+07
Actinides U -235 Bq 7.87E+00 1.89E+02 3.29E-02
N p-237 Bq 3.96E+05 9.50E+06 1.65E+03
U -238 Bq 1.14E+02 2.74E+03 4.76E-01
Pu-241 Bq 2.88E+08 6.91E+09 1.20E+06
A m -241 Bq 1.49E+09 3.58E+10 6.22E+06
C m -242 Bq 3.28E+07 7.87E+08 1.37E+05
Cm-244 Bq 2.83E+09 6.79E+10 1.18E+07
O ther FPs Bq 3 .2 6 E + 1 1 7.82E+12 1.36E+09
to tal activity Bq 6 .9 9 E + 1 1 1.68E+13 2.92E+09
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products
Actinides
products
Actinides
Fission
products
Actinides
h 2o kg 2.24E+01 5.37E+02 9.35E-02 M A  effluent tank
H N O , kg 4.00E-01 9.60E+00 1.67E-03 then
Sr-90 Bq 1.09E+07 2.63E+08 4.57E+04 M A  evaporator
Tc-99 Bq 2.07E+04 4.97E+05 8.65E+01 W5
Ru-106 Bq 3.00E+06 7.19E+07 1.25E+04
1-129 Bq 2.73E+05 6.55E+06 1.14E+03
Cs-134 Bq 3.39E+07 8.15E+08 I.42E+05
Cs-137 Bq 7.20E+07 1.73E+09 3.01E+05
C e -144 Bq 2.25E+06 5.40E+07 9.40E+03
E u -154 Bq 1.29E+06 3.09E+07 5.37E+03
U-235 Bq 8.69E-04 2.09E -02 3.63E-06
Np-237 Bq 4.38E+01 1.05E+03 1.83E-01
U-238 Bq 1.26E-02 3.03E-01 5.28E-05
Pu-241 Bq 3.18E+04 7.63E+05 I.33E+02
Am-241 Bq 1.65E+05 3.96E+06 6.88E+02
Cm-242 Bq 3.62E+03 8.70E+04 1.51E+01
Cm-244 Bq 3.12E+05 7.49E+06 1.30E+03
O ther FPs Bq 3.58E+07 8.59E+08 1.50E+05
total activity Bq I.60E+08 3.84E+09 6.68E+05
H 20 kg 2.00E+00 4 .80E +0I 8.35E-03 H A  effluent tanks
Sr-90 Bq 1.21E+10 2.91E+11 5.07E+07 then
T c-99 Bq 2.30E+07 5.52E+08 9.60E+04 H A  evaporator
R u -106 Bq 3.33E+09 7.98E+10 1.39E+07 W 4
Cs-134 Bq 3.77E+10 9 .04E + 11 1.57E+08
C s-137 Bq 7.99E+10 1.92E+12 3.34E+08
C e -144 Bq 2.50E+09 6.00E+10 1.04E+07
E u -154 Bq 1.43E+09 3.43E+10 5.97E+06
U-235 Bq 9.65E-01 2.32E+01 4.03E-03
N p-237 Bq 4.86E+04 1 .I7E+ 06 2.03E+02
U-238 Bq 1.40E+01 3.37E+02 5.86E-02
Pu-241 Bq 3.53E+O7 8.47E+08 1.47E+05
Am-241 Bq 1.83E+08 4 .39E+09 7.64E+05
Cm-242 Bq 4.02E+06 9.65E+07 1.68E+04
Cm-244 Bq 3.47E+08 8.32E+09 1.45E+06
O ther FPs Bq 4.00E+10 9 .61E + 11 1.67E+08
total activity Bq 1.78E+11 
per year
4.26E+12 7.42E+08
Sr-90 Bq 5.83E+05 4.23E-01 Stack
Tc-99 Bq 1.I1E+03 8.05E-04
Ru-106 Bq 1.60E+05 1.16E-01
1-129 Bq I.31E+09 9.50E+02
Cs-134 Bq 1.8IE+06 1.31E+00
Cs-137 Bq 3.84E+06 2.78E+0O
C e -144 Bq 1.20E+05 8.70E-02
E u -154 Bq 6.87E+04 4.98E-02
U-235 Bq 4.64E-05 3 .3 6 E -1 1
Np-237 Bq 2.33E+00 I.69E-06
U-238 Bq 6.74E-04 4.89E-10
Pu-241 Bq 1.70E+03 1.23E-03
Am-241 Bq 8.79E+03 6.37E-03
Cm-242 Bq 1.93E+02 1.40E-04
Cm-244 Bq 1.66E+04 1.20E-02
O ther FPs Bq 2.06E+06 1.49E+00
to tal activity Bq 1.32E+09 9.57E+02
Scrub liquor
ESP  seal po t liquor
N B  yearly figures 
TH O R P throughput 
1200 tonne U /year
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Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
W V P effluents
M agnox, TH O R P &  blended W aste flow sheets fo r W V P, Rev. 1 
T D  M em o 487 
M arch 1994 
Yearly basis
T H O R P  throughput 1200 tonne U /year before irradiation 
0 .87  kg  U /TJ
Outputs Composition Unit per year per TJ Receiver Notes
H ,0 kg 8.01E+05 5.81E-01 HA  evaporator Vol. 839.56 m'Vyr
H N O , kg 1.15E+05 8.37E-02 W 4
Fission Sr-90 Bq 2.87E+15 2.08E+09
products T c-99 Bq 2.09E+14 1.51E+08
R u-106 Bq 8.76E+14 6.35E+08
1-129 Bq 3.93E+09 2.85E+03
C s-134 Bq 3.07E+17 2.2 2 E + 1 1
Cs-137 Bq 6.47E+17 4.6 9 E + 1 1
C e -144 Bq 5.90E+14 4.28E+08
E u -154 Bq 3.38E+14 2.45E+08
Actinides U -235 Bq 2.28E+05 1.65E-0I
N p-237 Bq 1.15E+10 8.32E+03
U -238 Bq 3 .3 1E+06 2.40E+00
Pu-241 Bq 8.34E+12 6.05E+06
A m -241 Bq 4.32E+13 3.13E+07
Cm-242 Bq 9 .50E + 11 6.89E+05
Cm-244 Bq 8.18E+13 5.93E+07
O ther FPs Bq 9.55E+15 6.92E+09
to tal activity Bq 9.68E+17 7.02E + 11
H 20 kg 1.44E+06 1.05E+00 M A  evaporator Vol. 1441.9 m3/y
H N O , kg 1.92E+03 1.39E-03 W5
Fission Sr-90 Bq 7.09E+13 5.14E+07
products T c-99 Bq 1.60E+10 1.16E+04
R u -106 Bq 1.91E+13 1.39E+07
1-129 Bq I.3 IE + 0 9 9.49E+02
Cs-134 Bq 4.79E+13 3.47E+07
C s-137 Bq 1.04E+14 7.53E+07
C e -144 Bq 1.46E+I3 1.06E+07
E u -154 Bq 8.35E + I2 6.05E+06
Actinides U-235 Bq 5.64E+03 4.09E-03
N p-237 Bq 2.84E+08 2.06E+02
U-238 Bq 8.19E+04 5.94E-02
Pu-241 Bq 2.06E+11 1.50E+05
Am-241 Bq I.07E + 12 7.75E+05
Cm-242 Bq 2.35E+10 1.70E+04
Cm-244 Bq 2.02E+12 1.47E+06
O ther FPs Bq 2.34E+14 1.69E+08
to tal activity Bq 5.02E+14 3.64E+08
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Waste Encapsulation Plant, WPEP (W12)
Unit process/system 
Reference
Ref. Code 
Date
Functional unit o f original data 
Assumptions
W PEP (EA RP floe)
P rocess flow  sheet fo r processing o f  one drum  o f  
bulk effluent derived ferric floe from  EARP 
O /PR/S94707 
D ecem ber 1990 
I Drum
W PEP flow sheet is based on  an iron concentration o f  Fe3+ 100 g/1, while actual concentration in the floe from  EARP 
according to  data in W 10 is 60  g/1. T he W PEP data is therefore scaled accordingly.
Daily floe arising from  E A R P is 2 .08 m3, i.e. 5.8 W PEP drum s/day 
Daily basis is 5 tonne U /day before irradiation 
0.87 kg U /TJ
Inputs Composition Unit per drum per day per TJ Source Notes
Pu-241 Bq 5.86E + 11 2 .0 4 E + I2 3.55E+08 EARP Floe transfer
Pu a Bq 1.45E+10 5.05E+10 8.78E+06 W 10 Vol. 0.3571 mVdrum
Am-241 Bq 1.70E+09 5.92E+09 1.03E+06 M ass 414.23 kg/drum
N p-237 Bq 5.00E+08 1.74E+09 3.03E+05
Sr-90 Bq 3.00E+07 1.04E+08 1.82E+04
Zr/N b-95 Bq 6.58E+10 2 .2 9 E + 11 3.98E+07
Tc-99 Bq I.00E+07 3.48E+07 6.06E+03
R u -103/106 Bq 4.60E+10 1.60E+11 2.79E+07
P m -147 Bq 3.60E+09 1.25E+10 2.18E+06
C s-134/137 Bq 8.39E+10 2 .9 2 E + 1 1 5.08E+07
C e -144 Bq 7.80E+09 2.71E+10 4.72E+O6
E u -152/4/5 Bq 3.00E+08 1.04E+09 1.82E+05
C o-60 Bq 8.00E+09 2.78E+10 4.84E+06
C m -242/3/4 Bq 3.00E-+08 1.04E+09 1.82E+05
M n-54 Bq 5.00E+07 1.74E+08 3.03E+04
Fe (O H ), kg 7.03E+01 2.45E+02 4.26E-02
Fev kg 3.68E+01 1.28E+02 2.23E-02
N a+ kg 5.19E-01 1.81E+00 3.14E-04
Ni2* kg 2.94E-01 1.02E+00 1.78E-04
O H - kg 3.00E+01 1.04E+02 1.82E-02
N 0 3 - kg 8.21E-01 2.86E+0O 4.97E-04
B O ,2- kg 6.00E-03 2.09E -02 3.63E-06
Fe(C N )62' kg 8.76E-01 3.05E+00 5.30E-04
to t ct Bq 1.70E+10 5.92E+10 1.03E+07
to t P a  (ex P u-241) Bq 2 .1 5 E + 1 1 7 .5 0 E + 1 1 1.30E+08
to t p a  ( in d  Pu-241 ) Bq 8.01E + 11 2.79E+12 4.85E+08
H 20 kg 3.57E+01 1.24E+02 2.16E-02 w ash liquor
h 2o kg 3.54E+01 1.23E+02 2.14E-02 w ash liquor
Ca(O H )2 kg 4.06E+01 1.41E+02 2.46E-02 Lime addition. Vol. 0.018 m’/drum
PFA kg 2.03E+02 7.06E+02 1.23E-01 C em ent blend
OPC kg 2.03E+02 7.06E+02 I.23E-01 Vol. 0 .384 m’/drum
OPC kg 1.53E+01 5.32E+0I 9.26E-03 Capping g rou t mix
PFA kg 4.59E+01 1.60E+02 2.78E-02 Vol. 0 .053 m’/drum
H20 kg 2.63E+01 9.15E+01 1.59E-02 M ass 87.5 kg/drum
Outputs Composition Unit per drum per day per TJ Receiver Notes
Pu-241 Bq 1.17E+10 4.07E +10 7.08E+06 LA E T otal transfer Lim e washings
Pu a Bq 2.00E+08 6.96E+08 1.21E+05 W 9 M ass 79.3 kg/drum
Zr/N b-95 Bq 1.40E+09 4.87E+09 8.48E+05 N o  link
R u -103/106 Bq 1.00E+09 3.48E+09 6.06E+05
P m -147 Bq 6 .00E + 11 2 .0 9 E + I2 3.63E+08
C s-134/137 Bq 1.60E+09 5.57E+09 9.69E+O5
C e -144 Bq 2.00E+08 6.96E+08 1.21E+05
C o-60 Bq 2.00E+08 6.96E+08 1.21E+05
Fe (O H)3 kg 1.53E+00 5.32E+00 9.26E-04
Fe3+ kg 8.00E-01 2.78E+00 4.84E-04
Na+ kg 1.30E-02 4.52E -02 7.87E-06
Ni2+ kg 6.00E-03 2.09E-02 3.63E-06
OH - kg 6.52E-01 2.27E+OO 3.95E-04
N 0 3 - kg 1.80E-02 6.26E-02 1.09E-05
Fe(CN )62- kg 2.00E-01 6.96E -0I 1.2 IE-04
H20 kg 7.11E+01 2.47E+02 4.3 IE-02
to t a Bq 2.00E+08 6.96E+08 1.21E+05
to t p a  (in d  P u-241) Bq I.59E+10 5.53E+10 9.63E+06
Pu-241 Bq 5 .74E + 11 2.00E+12 3.48E+08 Drum  to  store M ass 9 4 0 .1 kg/drum
Pu a Bq 1.43E+10 4.98E+10 8.66E+06 Vol. 0.543 m’/drum
Am-241 Bq 1.70E+09 5.92E+09 1.03E+06
N p-237 Bq 5.00E+08 1.74E+09 3.03E+05
Sr-90 Bq 3.00E+07 1.04E+08 1.82E+04
Zr/Nb-95 Bq 6.44E+10 2 .2 4 E + 1 1 3.90E+07
Tc-99 Bq 1.00E+07 3.48E+07 6.06E+03
R u -103/106 Bq 4.50E+10 I.57E+11 2.72E+07
P m -147 Bq 3.60E+09 1.25E+10 2.18E+06
C s-134/137 Bq 8.23E+10 2 .8 6 E + 1 1 4.98E+07
C e -144 Bq 7.60E+09 2.64E+10 4.60E+06
E u -1 52/4/5 i Bq 3.00E+08 1.04E+09 1.82E+05
C o-60 Bq 7.80E+09 2.71E+10 4.72E+O6
Cm -242/3/4 Bq 3.00E+08 1.04E+09 1.82E+05
Fe (O H)3 kg 6.88E+01 2.39E+02 4.17E-02
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Fe3+ kg 3.60E+01 1.25E+02 2.18E-02
Na+ kg 5.08E-01 1.77E+00 3.08E-04
Ni2+ kg 2.88E-0I 1.00E+00 1.74E-04
OH - kg 2.94E+0I 1.02E+02 1.78E-02
N 0 3 - kg 8.03E-01 2.79E+00 4.86E-04
B 0 3 2 - kg 5.00E-03 I.74E-02 3.03E-06
Fe(C N )62- kg 8.57E-01 2.98E+00 5.19E-04
Ca(O H )2 kg 4.06E+01 1.41E+02 2.46E-02
OPC kg 2.18E+02 7.60E+02 1.32E-01
PFA kg 2.49E+02 8.66E+02 1.51E-01
tô t a Bq 1.68E+10 5.85E+10 1.02E+07
tô t  P<x (incl P u-241) Bq 7.85E+11 2.73E+12 4.75E+08
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Solvent Wash (W13)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
HA Solvent W ash
Solvent extraction and associated solvent w ash cycles, M ark 3, Revision 3
OFCPD C/P510
Septem ber 1991
Daily basis, 5 tonne U /day before irradiation 
U  0  %
Pu 0  %
0.S7 kgU /TJ
Inputs Composition Unit per day per TJ Source Notes
Solvent TB P m"' 2.79E-01 4.85E-05 Solvent m ake up  for H A SW 2
TPB /O K % 30 30 TB P/O K  added as required
Liquor U kg 7.50E-02 1.31E-05 Chemical Separation Vol. 74.7 m3/day
Pu kg 1.00E-04 1.74E-08 P5
N p kg 7.50E-05 1.3 IE-08
R u-106 Bq 1.11E+12 1.93E+08
1-129 Bq 1.16E+09 2.02E+05
N aNVHN, M 8.50E-03 8.50E-03
H N O , M 1.00E-03 1.00E-03
R eagent N a-C O , M 1.00E-01 1.00E-01 HASW 2, Vol. 6.75 m’Vday
R eagent N a N 0 2 M 3.25E+00 3.25E+00 HASW 2, Vol. 0.54 m’Vday
R eagent N aO H M 1.00E-01 1.00E-01 H ASW 3 Vol. 14.6 m’/day
R eagent H N O , M 1.00E-02 I.00E-02 H A SW 4 Vol. 7.3 mVday
Outputs Composition Unit Value Receiver Notes
Liquor u kg 2.50E-02 4.35E-06 SAC Vol. 7 .52  m’/day
Pu kg 2.90E-05 5.05E-09 W 7
N p kg 2.10E-05 3.65E-09
Ru-106 Bq 8 .33E + 11 1.45E+08
1-129 Bq 1.53E+07 2.66E+03
N a2C O , M 4.00E-03 4.00E-03
NaCl kg 4.34E-01 7.55E-05
N aN O j M 2.20E-01 2.20E-01
N aN ,/H N , M 8.70E-02 8.70E-02
N aN O : M 3.20E-02 3.20E-02
Fe kg 6.3 IE-03 I.10E-06
T B P L 2.58E+00 4.49E-04
OK L 2.56E+00 4.45E-04
D BP kg 3.58E-01 6.23E-05
Liquor U kg 2.50E-02 4.35E-06 SAC Vol. 14.53 m’/day
R u-106 Bq 1.71E+11 2.98E+07 W7
1-129 Bq 1.95E+07 3.39E+03
N aO H M 1.00E-01 1.00E-01
Fe kg 2.50E-04 4.35E-08
TBP L 5.17E+00 9.00E-04
O K L 5 .1 1E+00 8.89E-04
D BP kg 4.82E-01 8.39E-05
NaCl kg 5.00E-03 8.70E-07
Liquor R u -106 Bq 9.70E+O9 1.69E+06 SAC Vol. 7.33 m’/day
N aN O , M 5.00E-03 5.00E-03 W 7
H N O , M 5.00E-03 5.00E-03
Fe kg 6.00E-05 1.04E-08
TB P L 2.58E+00 4.49E-04
OK L 2.56E+00 4.45E-04
D BP kg 7.30E-02 1.27E-05
Liquor U kg 2.46E-02 4.28E-06 Solvent for reuse Vol. 74 m’/day
Pu kg 6.99E-05 1.22E-08
N p kg 5.32E-05 9.25E-09
R u-106 Bq 9.55E+10 1.66E+07
1-129 Bq I.I1E + 09 I.93E+05
TB P/O K % 30 30
Liquor U kg 3.78E-04 6.58E-08 Purged w aste solvent Vol. 1.14 m’/day
Pu kg I.07E-06 1.87E-I0 W14
Np kg 8.16E-07 1.42E-10
R u -106 Bq 1.47E+09 2.55E+05
1-129 Bq 1.70E+07 2.96E-I-03
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Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Mass Balance
Assumptions
UP Solvent Wash
Solvent extraction and associated solvent wash cycles, M ark 3, Revision 3 
O FC PD C /P510 
Septem ber 1991
Daily basis, 5 tonne U /day before irradiation 
U 0 %
P u 8 %
0.87  kgU /TJ
Inputs Composition Unit per day per TJ Source Notes
Solvent T B P m3 3.80E-02 6.61E-06 Solvent m ake up  for LASW 1
TB P/O K % 20 20 TB P/O K  added as required
Liquor U kg 6.00E-02 1.04E-05 Uranium  Purification Vol. 121 m3/day
N p kg 8.20E-05 1.43E-08 P6
Pu kg 5.00E-06 8.70E-10
T c-99 Bq 3.40E+08 5.92E+04
R u-106 Bq 4.44E+09 7.73 E+05
H N , M 1.50E-03 6.00E-02
H N O , M 1.00E-03 8.20E-05
R eagent N a2C O , M 1.00E-01 1.00E-OI F or LASW 1 Vol. 12 m '/day
Reagent N a-C O , M 1.00E-01 I.00E-01 F or LASW 2 Vol. 12 m3/day
Reagent H N O , M 1.00E-02 1.00E-02 F or LAS W3 Vol. 12 m '/day
Outputs Composition Unit Value Receiver Notes
Liquor U kg 2.00E-02 3.48E-06 SAC From  LASW1
Pu kg 9.00E-07 1.57E-10 W 7 Vol. 12 m'Vday
R u-106 Bq 1.00E+09 1.74E+05
N a2C O , M 8.70E-02 8.70E-02
N aN V H N , M 1.50E-02 I.50E -02
N aN O , M 1.00E-02 1.00E-02
Fe kg 9.90E-04 1.72E-07
T B P L 3.77E+0O 6.56E-04
O K L 5.28E+00 9.19E-04
D BP kg 5.88E-01 1.02E-04
NaCl kg 6.69E-01 1.16E-04
Liquor U kg 2.00E-02 3.48E -06 LAE From  LASW 2
Pu kg 1.30E-06 2.26E -10 W 6 Vol. 12 m3/day
R u-106 Bq 5.70E+08 9.92E+04 N o link
N a2C O , M 1.00E-0! 1.00E-OI
Liquor U kg 1.00E-02 I.74E -06 LAE From  LASW 3
R u -106 Bq 2.60E+08 4.52E +04 W 6 Vol. 12 m ’/day
N aN O , M 5.00E-03 5.00E-03 N o link
H N O , M 5.00E-03 5.00E-03
Liquor U kg I.00E-02 1.74E-06 100% R ECY CLE W ashed solvent
Pu kg 3.20E-06 5.57E-10 Vol. 121 m ’/day
R u-106 Bq 2.59E+09 4.51 E+05
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Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Mass Balance
Assumptions
PP Solvent W ash
Solvent extraction and associated solvent wash cycles, M ark 3, Revision 3
O FC PD C/P510
Septem ber 1991
Daily basis, 5 tonne U/day before irradiation 
U 0.04 %
Pu 0  %
0.87 kg U/TJ
Inputs Composition Unit per day per TJ Source Notes
Liquor Pu kg 1.20E-02 2.09E -06 P lutonium  purification Vol. 6 .68  mVday
U kg 1.13E+00 1.96E-04 P7
N p kg 5.00E-04 8.70E-08
R u-106 Bq 4.64E+10 8.08E+06
H N O , M 7.00E-02 7.00E-02
Reagent H N O , M 1.00E-01 1.00E-01 F o rP P S W l Vol. 6 .4  mVday
N H -O H H N O , M 5.00E-02 5.00E-02
Solvent TB P m3 1.10E-01 1.91E-05 Solvent m ake up  fo r PPSW 2
TB P/O K % 30 30 TB P/O K  added as required
Reagent N a2CO , M 2.50E-01 2.50E-01 For P PSW 2 Vol. 1.8 m'Vday
Reagent H N O , M 1.00E-02 1.00E-02 For PPSW 3 Vol. 0 .9  mVday
Outputs Composition Unit Value Receiver Notes
Liquor u kg 1.I0E+00 1.92E-04 SEE From  PPSW 1
P u kg 1.14E-02 1.98E-06 W5 Vol. 6 .4  m'Vday
N p kg 2.50E-04 4.35E-08
R u -106 Bq 1.55E+10 2.70E+06
to t. a  activity Bq 1 .70E+11 2.96E+07
tot. P-5 activity Bq 4 .9 0 E + I2 8.53E+08
Fe kg 1.40E-02 2.44E-06
T B P kg 2.20E+OO 3.83E-04
O K kg 1.80E+00 3.13E-04
NHiNO, kg 1.80E+00 3.13E-04
N H 2O H kg I.IOE+Ol 1.91E-03
H N O , M 1.70E-01 1.70E-01
N H 2O H H N O , M 5.00E-02 5.00E-02
Liquor U kg 2.10E-02 3.65E-06 EA RP From  PPSW 2
Pu kg 4.00E-04 6.96E-08 W 10 Vol. 1.8 mVday
Np kg 2.00E-04 3.48E-08
Pu a Bq 5.60E+09 9.74E+05
N p-237 Bq 5.29E+06 9.21E+02
total a  activity Bq 5.60E+09 9.74E+05
Pu-241 Bq 9.40E+10 1.63E+07
R u-106 Bq 2 .11E + I0 3.66E+06
T ot. P (excl. Pu-241) Bq 2 .I1E + 10 3.66E+06
T ot. P (incl. Pu-241) Bq 1.15E+11 2.00E+07
Na M 4.60E-01 4.60E-01
N a2CO , M 2.30E-0I 2.30E-01
N aN O , M 4.00E-02 4.00E-02
c o : M 9.20E-02 9.20E-02
Liquor Pu kg 2.00E-05 3.48E-09 EARP From  PPSW 3
Np kg 5.00E-06 8.70E-10 W 10 Vol. 0 .9  m'Vday
Pu a Bq 2.80E+08 4.87E+O4
N p-237 Bq 1.30E+05 2.26E+01
total a  activity Bq 2.80E+08 4.87E+04
Pu-241 Bq 9.18E+09 1.60E+06
R u-106 Bq 1.00E+09 1.74E+05
T ot. p  (excl. Pu-241) Bq 9.99E+08 1.74E+05
T ot. P (incl. Pu-241) Bq 1.02E+10 1.77E+06
N O ,- M 1.00E-02 1.00E-02
H + M 5.00E-03 5.00E-03
N a M 5.00E-03 5.00E-03
N et acid M 5.00E-03 5.00E-03
N aN O , M 5.00E-03 5.00E-03
H N O , M 5.00E-03 5.00E-03
Liquor U kg 1.42E-03 2.47E -07 Plutonium  Purification Recycled to  PP1 column
Pu kg 1.70E-04 2.96E-08 P7 Vol. 6.4 mVday
Np kg 4.26E-05 7.41E-09
R u-106 Bq 8.80E+09 1.53E+06
Liquor U kg 8.12E-05 1.41E-08 U/Pu Extraction Recycled to  1BX column
Pu kg 9.74E-06 I.69E-09 P5 Vol. 0 .366 m'Vday
Np kg 2.43E-06 4.24E-10
R u-106 Bq 5.03E+08 8.75E+04
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Waste Solvent Wash and Interfacial Crud Storage (W14)
Unit process/system W aste solvent wash
Reference Process flow diagram
Ref. Code O/PR/271790
Date O ctober 1984
Functional unit of original data Y early basis
Mass Balance U 0 .1 2 %
Pu 0 .1 2 %
Assumptions Plant operates 225 days/year
5 tonne U/day before irradiation
0.87 kg U/TJ
Inputs Composition Unit per year per TJ Source______________ Notes
U kg 8.62E-02 6.67E-08 H A  Solvent wash V ol. 258.8 m'Vyr
Pu kg 2.42E-04 1.87E-10 W 13.1 M ass. 213567.29 kg/yr
Np kg 1.74E-04 1.35E-10
TBP kg 7.50E+04 5.80E-02
OK kg 1.38E+05 I.07E-01 10 m3/batch
H 2 0 kg 2.07E+03 1.60E-03 25 .9  batches/yr
Sr-90 Bq 2.50E+09 1.93E+03
Tc-99 Bq 1.74E+09 1.3SE+03
R u-106 Bq 3.41E+11 2.64E+05
1-129 Bq 4.08E+09 3.16E+03
Cs-134 Bq 1.74E+09 1.35E+03
Cs-137 Bq 3.41E+09 2.64E+03
C e -144 Bq 8.71E+08 6.74E+02
tot. a  activity Bq 3.44E+09 2.66E+03
tot. (By activity Bq 4 .90E + H 3.79E+05
U kg I.82E-03 1.41E-09 Low  A ctive Effluent Entrained solvent vol. 6 .1 m 3/yr
Pu kg 2.0 IE-04 1.55E-10 M onitoring tank M ass 4903.92  kg/yr
DBP kg 3.12E+00 2.41E-06
TB P kg 1.12E+03 8.67E-04
OK kg 3.55E+03 2.74E-03 3.5 m 3/batch
H 2 0 kg 2.33E+02 1.80E-04 1.8 batches/yr
Sr-90 Bq 6.92E+04 5.35E-02
T c-99 Bq 9.00E+04 6.96E-02
R u-106 Bq 1.54E+08 1.19E+02
C s-134 Bq 2.81E+04 2.17E-02
C s-137 Bq 5.76E+04 4.45E-02
C e -144 Bq 1.69E+05 1.3 IE-01
to t. a  activity Bq 2 .82E+09 2.18E+03
to t. py activity Bq 8.52E+10 6.59E+04
U kg 1.13E-01 8.74E-08 SEE Vol. 23 .7  mVyr
Pu kg 4.48E-02 3.46E-08 W 5 M ass 19618.24 kg/yr
Np kg 3.80E-01 2.94E-07 N o link
DBP kg 2.55E+01 1.97E-05
OK kg 1.87E+04 1.44E-02 3.5 mVbatch
H 2 0 kg 9.33E+02 7.22E-04 2.5 batches/yr
Sr-90 Bq 3 .13E + 11 2.42E+05
Tc-99 Bq 3 .27E + 11 2.53E+05
Ru-106 Bq 1.07E+11 8.27E+04
1-129 Bq 1.83E+09 1.42E+03
Cs-134 Bq 2.45E+09 1.89E+03
Cs-137 Bq 5 .1 1E+09 3.95E+03
C e -144 Bq 7.25E+10 5.61E+04
tot. a  activity Bq 6 .4 8 E + 11 5.01E+05
tot. Py activity Bq 1.98E+13 1.53E+07
U kg 4.04E-03 2.13E-09 SAC Entrained solvent vol. 8.8 mVyr
Pu kg 4.80E-06 2.53E-12 W 7 N o link
Np kg 3.54E-06 1.87E-12
T B P kg 1.64E+03 8.65E-04 M ass 6985.39 kg/yr
OK kg 5.01E+03 2.64E-03 (approx  330  days)
H 2 0 kg 3.32E+02 I.75E-04
D BP kg 5.04E+OO 2.66E-06 3.5 mVbatch
Sr-90 Bq 3.92E+08 2.07E+02 2.5 batches/yr
Tc-99 Bq 4.68E+07 2.47E+01
Ru-106 Bq 1.52E+10 8.01E+03
1-129 Bq 7.33E+07 3.86E+01
Cs-134 Bq 2.91E+08 1.53E+02
Cs-137 Bq 5.95E+08 3.14E+02
C e -144 Bq 1.64E+08 8.65E+0I
tot. a  activity Bq 6.76E+07 3.56E+01
tot. Py activity Bq I.96E+10 1.03E+04
H N O , (0.1 M ) kg 78.550 4.I4E -05 Vol. 1.2 mVbatch
H 20 kg 12514.460 6.60E-03 10.4 batches/yr
N a2C O , (0.25 M) kg 660.820 3.4SE-04 Vol. 1.2 m '/batch
H:0 kg 24936.650 1.3 IE-02 20.8 batches/yr
Sodium  hyroxide m'1 1.200 6.33E-07 0.1 M
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Waste Solvent Wash and Interfacial Crud Storage (W14)
Outputs Composition Unit per year per TJ
U kg 1.19E-0I 6.27E-08
Pu kg 2.70E-02 1.42E-08
N p kg 2.28E-01 I.20E-07
H 2 0 kg 4.24E+04 2.24E-02
H N 0 3 kg 7.86E+01 4.14E-05
N a2C 03 kg 6 .6 IE + 02 3.48E-04
DBP kg 2.02E+01 1.06E-05
Sr-90 Bq 1.12E+11 5.91E+04
T c-99 Bq 3.26E + 11 1.72E+05
Ru-106 Bq 6.89E+10 3.63E+04
1-129 Bq 3.81E+08 2 .0 IE +02
Cs-134 Bq 2.O4E+09 I.08E+03
Cs-137 Bq 4.24E+09 2.24E+03
C e -144 Bq 4.67E+10 2.46E+04
tot. a  activity Bq 3.49E+Û8 1.84E+02
to t. py activity Bq 3 .9 1 E + 1 1 2.06E+05
U kg 8.63E-02 4.55E-08
Pu kg 1.83E-02 9.65E-09
N p kg 1.52E-0I 8.01E-08
T B P kg 7.77E+04 4.10E-02
OK kg 1.65E+05 8.68E-02
H 2 0 kg 1.59E+04 8.36E-03
D BP kg 1.35E+01 7 .10E-06
Sr-90 Bq 2.03 E + 11 1.07E+05
T c-99 Bq 3.35E+09 1.77E+03
Ru-106 Bq 3 .94E + 11 2.08E+05
1-129 Bq 5.60E+09 2.95E+03
Cs-134 Bq 2.44E+09 1.29E+03
C s-137 Bq 4.87E+09 2.57E+03
C e -144 Bq 2.68E+10 1.41E+04
tot. ct activity Bq 2 .6 4 E + 1 1 1.39E+05
tot. Py activity Bq 8.43E+12 4.44E+06
Notes_________________
Infrequent discharge -  N o  link 
Vol. 42.5 m’/yr 
M ass 43177.03 kg
Vol. 311.1 m'Vyr
3 nrVbatch 
69.1 batches/yr
107
Waste Solvent Wash and Interfacial Crud Storage (WI4)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Assumptions
Interfacial Crud Storage 
P rocess flow  diagram 
O/PR/271791 
O ctober 1984 
yearly basis
T H O RP throughput 1200 tonne U /year before irradiation 
0.87 kg U/TJ
Inputs Composition Unit per year per TJ Source Notes
u kg 3 .185-02 2.315-08  PP  Plant wash Vol. 5.45 m'Vyr
Pu kg 3 .475-04 2.525-10  W 15 M ass 6148.86  kg/yr
N p kg 2.955-05 2.145-11 I m'Vbatch
TB P kg 4 .885+ 02 3.535-04
OK kg 1.035+03 7.465-04
H 2 0 kg 3.355+03 2.436-03
H N 0 3 kg 1.295+03 9.336-04
Sr-90 Bq 1.935+09 1.405+03
Tc-99 Bq 2 .045+ 09 1.485+03
Ru-106 Bq 2 .075+ 09 1.505+03
C s-134 Bq 1.315+09 9.506+02
C s-137 Bq 2 .755+ 09 1.995+03
C e -144 Bq 5.315+08 3.855+02
to t. a  activity Bq 4.865+ 09 3.525+03
to t. Py activity Bq 1.575+11 1.145+05
U kg 2.415-01 1.755-07 H A  &  U P Plant wash Vol. 26 .64  m 3/yr
Pu kg 4.915-04 3.565-10  W 15 M ass 28239.6  kg/yr
Np kg 8.005-05 5.805-11
TB P kg 2.375+03 1.725-03
OK kg 5.545+03 4.016-03
Solids kg 3.155+01 2.286-05
H 2 0 kg 1.565+04 1.135-02
H N 0 3 kg 4.685+03 3.395-03
Pb kg 5.255+00 3.816-06
M o kg 7.505-01 5.445-07
Sr-90 Bq 1.785+09 1.296+03
T c-99 Bq 3 .005+ 07 2.185+01
R u-106 Bq 1.405+14 1.025+08
Cs-134 Bq 1.745+09 1.266+03
Cs-137 Bq 3 .056+ 09 2.215+03
C e -144 Bq 1.786+13 1.295+07
tot. a  activity Bq 6 .975+ 09 5.056+03
tot. Py activity Bq 1.595+14 1.155+08
Nitric acid (2.8 M ) m 3/hr 3.000
Demin, w ater m3/hr 3.000
Outputs Composition Unit per year per TJ Receiver Notes
H A  raffinate tank
fu ture treatment 
plant
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Plant Wash (W15)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
M A  & U P  Plant W ash system
T H O R P H ead End &  Chemical separation plant, flow  diagram
O /PR/054057
A ugust 1993
yearly basis
TH O R P throughput 1200 tonne U/year before irradiation 
0.87  kg  U/TJ
Inputs Composition Unit per year per TJ Source Notes
H N O , (6 M ) ks 6.80E+02 4.93E-04 Vol. 1.8 m '/year
H 20 kg 1.46E+03 1.06E-03 tank I
H N O , (6  M ) kg 4.23E+03 3.07E-03 Vol. 5.22 m '/year
H 20 kg 1.97E+03 1.43E-03 tank 11
Quantity o f  acid assum e to  be equal to
volum e o f  crud liquors
Outputs Composition Unit per year per TJ Receiver Notes
N aN , kg 2.20E-01 1.60E-07 Interfacial C rud S torage Vol. 11.05 m '/year
H 20 kg 7 .I5E 403 5.19E-03 W 14 U PPW  C rud
H N O , kg 2.13E+03 1.55E-03
N a2CO , kg 2.19E+00 1.59E-06
N aN O , kg 0.200 1.45E-07
T B P kg S.81E+02 4.21E-04
O K kg 1.84E+03 1.33E-03
C s-134 Bq 5.63E+05 4.08E-01
Cs-137 Bq 1.12E+06 8.I2E-01
Tc-99 Bq 7.24E+06 5.25E+00
R u-106 Bq 6.46E+07 4.68E+01
C e -144 Bq 2.83E+05 2.05E-01
1-129 Bq 4.3SE+01 3.18E-05
Sr-90 Bq I.21E+04 8.77E-03
Am-241 Bq 2.0 IE + 04 1.46E-02
Cm-244 Bq 4.30E+04 3.12E-02
N H -O H H N O , kg I.24E+ 00 8.99E-07 Interfacial C rud S torage Vol. 3.9 m '/year
H N , kg 6.00E-02 4.35E-08 W I4 M APW  Crud
H - 0 kg 2636.750 1.91E-03
H N O , kg 7.43 E+02 5.39E-04
TBP kg 1.81E+02 1.32E-04
OK kg 8.76E+02 6.35E-04
Cs-134 Bq 6.33E+06 4.59E+00
Cs-137 Bq 1.33E+07 9.64E+00
Tc-99 Bq 2.73E+06 1.98E+00
Ru-106 Bq 4.24E+07 3.07E+01
C e -144 Bq 3.92E+06 2.84E+00
1-129 Bq 9.1 IE+01 6.60E-05
Sr-90 Bq 1.35E+05 9.79E-02
Am-241 Bq 2.69E+05 1.95E-01
Cm-244 Bq 5.72E+05 4.15E-01
U kg 3.54E-03 2.57E-09 Interfacial C rud S torage L A SW 1
Pu kg 3.54E-06 2.57E-12 W 14 Vol. 10.96 m’/year
Np kg 7.19E-06 5.21E-12
U 0 2(N 0 ,)2 kg 5.86E-03 4.25E-09
Pu(N O ,) 4 kg 7.21E-06 5.23E-12
N p(N O ,)j kg 1.47E-05 1.07E -11
H N , kg 2.40E-01 1.74E-07
H 20 kg 5.50E+0I 3.99E-05
H N O , kg 4.30E-01 3.12E-07
TBP kg 3.05E+03 2.2 IE-03
OK kg 9.67E+03 7.01E-03
Cs-134 Bq 3.I6E + 06 2.29E+00
Cs-137 Bq 6 .3 1E+06 4.57E+00
Tc-99 Bq 3.88E+07 2.81E+01
Ru-106 Bq 3.95E+08 2.86E+02
C e -144 Bq 1.97E+06 1.43E+00
1-129 Bq 2 .3 1E+02 1.67E-04
Sr-90 Bq 6.82E+04 4.94E-02
Am-241 Bq I.13E+05 8.19E-02
Cm-244 Bq 2.32E+05 1.68E-01
1 1 0
Plant Wash (W15)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Assumptions
PP Plant wash
T H O RP H ead End &  Chemical separation plant, flow diagram
O/PR/054063
A ugust 1993
yearly basis
TH O RP throughput 1200 tonne U /year before irradiation 
0.87 kg  U/TJ
Outputs Composition Unit per year per TJ Receiver Notes
U kg 2.3 IE-03 1.67E-09 SAC Vol. 6 .57  m’/year
Pu kg 4.33E-05 3.14E-11 W 7 N o link
Np kg 1.88E-05 1.36E -11
U 0 2(N 0 ,)2 kg 3.83E-03 2.78E-09
Pu(N O ,), kg 8.81E-05 6 .3 9 E -1 1
N p 0 2(N 0 3)2 kg 3.1 IE-05 2 .2 5 E -1 1
H 20 kg 6.09E+03 4.4 IE-03
HN O , kg 785.86 5.70E-04
Na:C O , kg 4.87E+0I 3.53E-05
N aH N O , kg 5.95E+00 4.3 IE-06
TB P kg 8.20E-01 5.95E-07
OK kg 8.10E-01 5.87E-07
Ru-106 Bq 7.87E+08 5.71E+02
U kg 4.11E-04 2 .98E -10 SEE Vol. 91.81 m’/year
Pu kg 1.33E-03 9.64E -10 W 5 N o link
Np kg 1.71E-03 1.24E-09
UOiCNOjh kg 6.81E-04 4.94E -10
Pu(N O ,) 4 kg 2.70E-03 1.96E-09
N p 0 2(N 0 , ) 2 kg 2.83E-03 2.05E -09
NH 4N O 3 kg 7.55E+01 5.47E-05
N H 2O H H N O , kg 2.00E-02 1.45E-08
h 2o kg 8.27E+04 6.00E-02
H N O , kg 1.54E+04 1.I2E-02
TBP kg 7.47E+00 5.42E-06
OK kg 1.22E+01 8.85E-06
Cs-134 Bq 1.30E+11 9.43E+04
Cs-137 Bq 2.72E + 11 1.97E+05
Tc-99 Bq 2 .0 2 E + 1 1 I.46E+05
R u -106 Bq I.49E+11 I.08E+05
C e-144 Bq 5.26E+10 3.81E+04
Sr-90 Bq 1.91E+11 1.38E+05
U kg 3.I8E -02 2 .31E-08 Interfacial crud storage Vol. 5.45 m '/year
Pu kg 3.47E-04 2 .52E -10 W 14
Np kg 2.95E-05 2.I4E -11
U 0 2(N 0 ,)2 kg 5.26E-02 3 .8 IE -08
Pu(N O ,)4 kg 7.06E-04 5 .I2E -10
N p 0 2(N 0 , ) 2 kg 4.39E-05 3.18E-11
NHiNO, kg 7.60E-0I 5.5 IE-07
H 20 kg 3345.190 2.43E-03
H N O , kg 1.29E+03 9.33E-04
N a2CO , kg 4.90E-01 3.55E-07
N aN O , kg 6.00E-02 4.35E-08
TBP kg 4.88E+02 3.53E-04
O K kg 1.03E+03 7.46E-04
Cs-134 Bq 1.31E+09 9.50E+02
Cs-137 B q 2.75E+09 1.99E+03
Tc-99 Bq 2.04E+09 1.48E+03
R u-106 Bq 2.07E+09 1.50E+03
C e -144 Bq 5.31E+08 3.85E+02
Sr-90 Bq 1.93E+09 1.40E+03
11 1
Ranger Uranium  m ine  
Jabiru, Australia
Energy R esources o f  Australia  
Ltd.
Data collected  from  Supervising  
Scientist A nnual reports unless 
stated otherw ise. Other 
references, see below .
1995/96
Notes:
Data for the mining and milling stages are normalised to 8.2 kg UsOg (Yellow cake product) per TJ
(see Volume 1, Appendix B). Actual operational data have been collected for two years : 1994/95
and 1995/96.
Additional references for the Ranger Uranium mine:
Jackson, 1996 Personal communication, Environment manager, Ranger Uranium mine
Uren, 1997a Personal communication, data from Ranger uranium mine (R40-0104)
Uren, 1997b Personal communication, data from the Jabiluka project main report, Ranger 
Uranium mine
UNSCEAR, 1993 Sources and effects o f ionizing radiation, Report to the General Assembly 
with Scientific annexes, United Nations Scientific Committee on the effects 
o f atomic radiation, United Nations, N ew  York
Ranger, 1990 Geology and mining, ERA publication
Woods, 1997 Personal communication, Environmental scientist, Ranger Uranium mine
Life Cycle Stage 
Facilities 
Location 
Company
Uranium M ining and M illing  
R ossing Uranium m ine 
Swakopm und, N am ibia  
R ossing  Uranium Ltd.
Collection method
Date
Data collected  by personal 
com m unication w ith  
A  Abrahams (C h ief  
Environm entalist) and a v isit to  
the R ossing  Uranium m ine.
1997
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Flowsheet Overview
M in e  o re
S c re e n s
A c id  p la n t c a lc in e
H 2S O ,
R e c y c le d  w a sh  so lu tio n
S a n d S lim e
C o m b in e d  ta ilin g s
B arren
A la m in e  3 3 6
N H ,
N H ,P re c ip ita t io n
F iltra tio n
C a lc in in g
S o lv e n t e x tra c tio n
T a il in g s  d am Io n  e x c h a n g e
R D S /C 1X
2  L e a c h  ta n k s
4  R o d  m ills
F e rr ic  re a c to r s
H y d ro c y c lo n e s
T h ic k e n e rs
T e r tia ry  c ru s h e r
P rim a ry  c ru sh e r
S e c o n d a ry  c ru sh e r
2 R o to sc o o p s
T e r t ia ry  c ru s h e r
U ra n iu m  o x id e
Note: This flowsheet is based on the R ossing  Uranium mine, but is also applicable to the 
Ranger Uranium mine (see Volume I, Appendix A).
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Uranium mining and milling (Rossing, 1995)
Unit process/system
Reference
Date
Functional unit o f original data 
Assumptions
Rossing Uranium  M ine
Life Cycle Analysis fo r the Rossing Uranium M ine (A  Abrahams, 1997) 
29/08/97
Yearly data fo r 1995 
8.2 kg U ,0 ,/T J
Inputs Type Unit per year per kg UjOg per TJ Source Notes
O re (mined) kg I.65E+10 6.97E+03 5.72E+04
O re (milled) kg 6.98E+09 2.95E+03 2.42E+04
Explosives kg 5.29E+06 2 .24E +00 1.83E+01
FeS; kg 1.23E+08 5.21E+01 4.27E+02 Pyrite
N H , kg 1.53E+06 6.45E-01 5.29E+00 A mmonia
M n 0 2 kg 1.49E+05 6 .30E -02 5.16E-01 M anganese Dioxide
N aO H kg 3.01E+05 1.27E-01 1.04E+00 Sodium  H ydroxide
Resin kg 8.80E+04 3.72E -02 3.05E-01
Solvents m3 2.79E+02 1.I8E -04 9.67E-04
Flocculant kg 2.16E+05 9.13E -02 7.49E-01
Outputs Type Unit per year per kg UaOg per TJ Receiver Notes
u,o, kg 2.37E+06 1.00E+00 8.20E+00 E xport Y ellow  cake p roduct
W aste R ock kg 7.06E+09 2.99E+03 2.45E+04 W aste rock  dump
Tailings kg 6.98E+09 2.95E+03 2.42E+04 Tailings dam
Jarosite  sludge kg 4.41 E+06 I.86E + 00 1.53E+01
Fugitive D ust kg 3.10E+03 1.31E-03 1.07E-02 M easured ju s t o f f  Tailings dam  perim eter
Rn-222 Bq 4.78E+14 2.02E+08 1.66E+09 Radon
Particulates kg 3.25E+03 1.37E-03 I.13E-02
SO , kg 2.38E+06 I.01E + 00 8.24E+00 Stack Sulphur dioxide
NO kg 4.51E+03 1.91E-03 1.56E-02 N itrous oxide
N H , kg 5.I3E + 03 2.17E-03 1.78E-02 Ammonia
H ,S O , 
Ancillary Services
kg I.67E+08 7.07E+01 5.80E+02 Sulphuric acid produced  from pyrite. 
Consum ed in the process 14 kg/tonne 
leached ore
Electricity MW h 1.54E+05 6.51E-02 5.34E-01
Diesoline Liters 6.S3E+06 2.76E +00 2.26E+01
P etrol Liters 6.06E+05 2 .56E -0I 2 .10E+00
K han R iver W ater m3 7.21 E+05 3.05E-01 2.50E+00
Fresh w ater m3 1.98E+06 8.37E-01 6.86E+00
D isturbed land hectares 2.40E+03 1.0 IE-03 8.3 IE-03
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Uranium mining and milling (Rossing 1996)
Unit process/system
Reference
Date
Functional unit o f original data 
Assumptions
R ossing Uranium M ine
Life Cycle Analysis fo r the Rossing Uranium  M ine (A  Abrahams, 1997) 
29/08/97
Yearly data fo r 1996 
8 .2 kg U ,0»/T J
Inputs Type Unit per year per kg U30 8 per TJ Source Notes
O re (mined) kg 1.90E+10 6.56E+03 5.38E+04
O re (milled) kg 8.33E+09 2.88E+03 2.36E+04
Explosives kg 7.40E+06 2.56E +00 2.10E+01
FeS ; kg 1.08E+08 3.73E+01 3.06E+02 Pyrite
N H , kg 1.93E+06 6.67E-01 5.47E+00 Am m onia
M nO , kg 4.34E+06 1.50E+00 1.23E+01 M anganese Dioxide
N aO H kg 2.66E+05 9.20E-02 7.54E-01 Sodium  H ydroxide
Resin kg 2.10E+05 7.27E-02 5.96E-01
Solvents nr' 3.27E+02 1.13E-04 9.27E-04
Flocculant kg 2.37E+05 8.20E-02 6.72E-01
Outputs Type Unit per year per kg UjOs per TJ Receiver Notes
U,Ox kg 2.89E+06 1.00E+00 8.20E+00 E xport Y ellow  cake product
W aste R ock kg 7.92E+09 2.74E+03 2.25E+04 W aste rock  dum p
Tailings kg 8.33E+09 2.88E+03 2.36E+04 Tailings dam
Jarosite  sludge kg 2.21E+06 7.64E-01 6.27E+00
Fugitive D ust kg 4.07E+04 1.4 IE-02 1.15E-01
Rn-222 Bq D a ta  no t available
Particulates kg M onitoring discontinued
S O , kg 1.93 E+06 6.66E-01 5.46E+00 Stack Sulphur dioxide
N O kg M onitoring discontinued
N H , kg M onitoring  discontinued
H :S O : kg 1.47E+08 5.09E+01 4.17E+02 Sulphuric acid produced from  pyrite.
C onsum ed in the process 12.8 kg/tonne
leached ore
Ancillary Services
Electricity M W h 1.56E+05 5.41E-02 4.43E-01
Diesoline Liters 7.35E+06 2.54E+00 2.08E+01
Petrol Liters 1.3 1 E+05 4.55E -02 3.73E-01
Khan R iver W ater nr’ 3.02E+05 1.04E-01 8.57E-01
Fresh w ater nr" 2.47E+06 8.56E-01 7.02E+00
Disturbed land hectares 2460.000 8.5 IE-04 6.98E-03
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Uranium mining and milling (Ranger, 1995)
Unit process/system
Reference
Date
Functional unit of original data 
Assumptions
Ranger Uranium M ine
Supervising Scientist Annual R eport 1994/95 (unless stated otherw ise) 
1995
Yearly data fo r 1995 
8.2 kg  U iO /T J
Inputs Type Unit j ie r  year per kg UsOg per TJ Source Notes
O re (m ined) kg 2.77E+09 1.72E+03 1.41E+04
O re (milled) kg 5.78E+08 3.58E+02 2.93E+03
Explosives kg 1.44E+06 8.91E-01 7.31E+00 Assum e 30  tonnes/w eek (Jackson, 1996)
Assum e 48 w eeks/year full production
H ydrogen peroxide kg Hydrogen peroxide a  constituent o f
C aro 's acid, replaced pyrolusite as
the oxidising agent in D ec. 1995
M n 0 2 kg 3.26E+06 2.02E+00 1.65E+01 Pyrolusite
H .S O , kg 2.86E+07 1.77E+01 1.45E+02 Sulfuric acid
M gO kg 9.54E +06 5.91E+00 4.84E+01 M agnesium  oxide
N H , kg 7.94E+05 4.9IE -01 4.03E+00 Ammonia
Amine L 3.61E+04 2.23E-02 1.83E-01
Diluent (shellsol) L 6.75E+05 4.18E-01 3.42E+00
Outputs Type Unit per year per kg U3Og per TJ Receiver Notes
u ,o8 kg 1.62E+06 1.00E+00 8.20E+00 E xport Y ellow  cake product
W aste rock kg 2.20E +09 1.36E+03 1.11E+04 W aste rock  dum p A ssum e O re to  w aste ra tio  is 1:3.8
(R anger, 1990)
Tailings kg 5.78E+08 3.58E+02 2.93E+03 Tailings dam
Rn-222 Bq 4.00E+07 3.28E+08 (U N SC EA R , 1993)
Gas SO ; kg 7.58E+04 4.69E -02 3.84E-01 stack 225.5 kg/day (U ren, 1997a)
A ssum e 336 days/year operation
Liquid U-23 8/234 Bq 5.60E+08 3.47E+02 2.84E+03 Perm itted releases from  storage ponds in
T h-230 Bq 5.40E+07 3.34E+01 2.74E+02 1994/95 (U ren, 1997b)
R a-226 Bq 1.14E+08 7.08E+01 5.80E+02
Pb-210 Bq 4.91E+08 3.04E+02 2.49E+03
Po-210 Bq 2.44E+08 1.51E+02 1.24E+03
Cu kg 9.00E+00 5.57E-06 4.57E-05
Pb kg 8.00E+00 4.95E -06 4.06E-05
Phosphate kg 5.00E+00 3.09E-06 2.54E-05
N itrate kg 1.44E+02 8.9  IE-05 7.31E-04
Ancillary Services
Diesel Liters 1.15E+05 7 .I2 E -0 2 5.84E-01 Includes consum ption in pow er house
U nleaded Petrol Liters 4.56E +04 2.82E -02 2.32E-01 (Jackson, 1996)
Distillate Liters 1.58E+07 9.80E+00 8.04E+01
P o w er Production M W h 2.93E+04 1.81E-02 1.49E-01 (W oods, 1997)
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Uranium mining and milling (Ranger, 1996)
Unit process/system
Reference
Date
Functional unit of original data 
Assumptions
R anger Uranium M ine 
Supervising Scientist Annual 
1996
Yearly data fo r 1996 
8.2 kg  UjOg/TJ
R eport 1995/96 (unless stated  otherw ise)
Inputs Type Unit per year per kg UaOg per TJ Source Notes
Ore (m ined) kg 5.76E+09 1.62E+03 Î.33E+O4
O re (milled) kg 1.20E+09 3.37E+02 2.76E+03
Explosives kg 1.44E+06 4 .0 4 E -0 1 3 .31E+00 Assum e 30  tonnes/w eek (Jackson, 1996)
Assum e 48 w eeks/year full production
H ydrogen peroxide kg 9.48E+05 2.66E-01 2.18E +00 Hydrogen peroxide a constituent o f
C aro's acid, replaced pyrolusite as
the oxidising agent in Dec. 1995
M n 0 2 kg 2.90E +06 8.15E-01 6.68E +00 Pyrolusite
H 2S 0 4 kg 6.41E+07 1.80E+01 I.47E + 02 Sulfuric acid
M gO kg 2 .20E+07 6.17E+00 5.06E+01 M agnesium  oxide
N H , kg 1.57E+06 4.40E-01 3.61E +00 Ammonia
Amine Litres 5.23E+04 1.47E-02 1.20E-0I
Diluent (shellsol) Litres I.42E+ 06 4.00E-01 3 .28E+00
Outputs Type Unit per year per kg UjOg per TJ Receiver Notes
u,o„ kg 3.56E +06 1.00E+00 8.20E +00 E xport Y ellow cake product
W aste rock kg 4.56E +09 1.28E+03 1.05E+04 W aste rock  dump Assum e O re to  w aste ratio is 1:3.8
(R anger, 1990)
Tailings kg 1.20E+09 3.37E+02 2.76E+03 Tailings dam
Rn-222 Bq 4.00E+07 3.28E+08 (U N SCEA R, 1993)
Ancillary Services
Diesel Liters 1.33E+05 0.04 3.05E-01 Includes consum ption in pow er house
Unleaded Petrol Liters 4 .20E+04 0.01 9.67E-02 (Jackson, 1996)
Distillate Liters 1.78E+07 4.98 4.09E+01
P ow er Production M W h 5.05E+04 0.01 1.16E-01 (W oods, 1997)
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Uranium P rocessing and Fuel M anufacturing 
Springfields
Preston, Lancashire, U K  
British N uclear Fuels pic.
Data co llected  from  Springfields design  flo w  diagrams and personal 
com m unication.
1995/96
Notes:
It is assumed that 8  kg natural uranium is consumed per 1 kg o f  enriched uranium used in fuel 
manufacturing (see Volume 1, Appendix B). Data for processes before the enrichment stage are 
therefore multiplied by 8  and then normalised to the functional unit using the uranium 
consumption in the power reactor, 0.87 kg U/TJ.
The main process plants have numerical codes:
P# Process plant
Separate datasheets are given for the plants which process recycled uranium, and these are given 
the following numeric code:
P#-R
Data for individual waste treatment plants have not been available for Springfields, and only the 
final emissions to air, water and solid waste are listed.
Collection method 
Date
Life Cycle Stage 
Facility 
Location 
Company
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Process plants
Code Building
num ber
Process Plant Capacity
PI B336/B337 Uranium trioxide (UO3) production 7000 tonne U/year
P2 B612 Uranium tetrafluoride (UF4) 6000 tonne U/year
production
P3 B684 Line 4 Hex plant (UF6 production) 6000 tonne U/year
P4 B284 Fluorine cells 1300 tonne
Fluorine/year
P5 B 6 8 6 N ew  Oxide Fuel Complex (NOFC), 1250 tonne U/year
U 0 2 production
B336 Mainline recovery plant
B633 Enriched Uranium Residues Recovery
plant (EURRP)
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Uranium Trioxide, U 0 3, production (PI)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
UOC Dissolution and Filtration 
B336/B337 Annual F low sheet 
No. 2/PR /A A  322944/001 
M arch 1995 
Yearly basis 
7000 tonne U /year 
8 kg natural U /kg enriched U 
0.87 kg  U/TJ
Inputs Composition Unit per year per TJ Source Notes
Solid u ,o8 kg 8.25E+06 8.20E+00 Uranium  O re C oncentrate
N a: 0 kg 9.12E+05 9.07E-01 T otal m ass 9 .16E+06 kg/year
Liquid H zO kg 1.88E+06 1.87E+00 Internal Saveall W ater Vol. I.88E+03 mVyear
Liquid h 2o kg 6.04E+06 6.01E+00 Blended N itric Acid
H N 0 3 kg 7 .10E+06 7.06E+00 Vol. 9 .86E+03 n r/y ea r
Liquid kg I.05E+05 1.04E-01 M ake-up precoat
Liquid h 2o kg 3.17E+05 3.15E-01 M ake-up w ater
Vol. 317  mVyear
Outputs Composition Unit per year per TJ Receiver Notes
Liquid U 0 2( N 0 , ) 0 2 kg 1.16E+07 1.15E+0I Solvent Extraction Vol. 2 .33E +04 m’/year
NaNO., kg 2.50E+06 2.49E+OO P I .3
H 20 kg 1.82E+07 1.81E+01
H N O , kg 1.52E+06 1.51E+00
Solid U 0 2( N 0 , ) 0 2 kg 1.32E+03 1.3 IE-03 D um ped U O C insoluble product
N aN O , kg 2.85E+02 2.83E-04 Vol. 404 m’/year
H :0 kg 5.43E+04 5.40E-02
H N O , kg 2.79E+02 2.77E-04
kg 1.05E+05 1.04E-01
Ancillary Services Unit per year per TJ
A ir kg  6.33E+06 6 .29E+00 D issolver
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Uranium Trioxide, U 03, production (PI)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
Solvent Extraction 
B 336/B337 Annual Flow sheet 
N o. 2/PR/A A  322944/002 
M arch 1995 
Y early basis 
7000 tonne U/year 
8 kg natural U /kg enriched U  
0.87 kg U/TJ
Inputs Composition Unit per year per TJ Source Notes
Liquid U 0 2( N 0 , ) 0 2 kg 1.16E+07 1.15 E + 0 1 Dissolution & Filtration Vol. 2 .33E+04 m'Vyear
N aN O , kg 2.50E+06 2.49E +00 P l . l
H 20 kg I.82E + 07 1.81E+0I
H N O , kg 1.52E+06 1.51E+00
Liquid H ,0 kg 9.98E+05 9.92E-01 Demineralised, w ater
Liquid H :0 kg 7.48E+05 7.44E-01 Sodium C arbonate
N a .C O , kg 1.53E+04 I.52E-02 Vol. 750 m'Vyear
Liquid OK kg 1.07E+01 1.06E-05 O dourless K erosene
Vol. 0 .0138 mVyear
Liquid TBP kg 4.70E+03 4.67E-03 Tributyl Phosphate
Vol. 4 .82  mVyear
Liquid H 20 kg 1.80E+05 1.79E-01 Nitric Acid
H N O , kg 2.12E+05 2.11E-0I Vol. 294 mVyear
Outputs Composition Unit per year per TJ Receiver Notes
Liquid U 0 2( N 0 , ) 0 2 kg 1.16E+07 1.I5E+01 Evaporation/denitration Vol. 5.96E+04 mVyear
H ,O kg 5.64E+07 5.61E+01 P I .4
H N O , kg 2.97E+05 2.95E-01
Liquid U 0 2( N 0 , ) 0 2 kg 4.74E+01 4.71E-05 W ash B ox Raffinate
H ,O kg 1.75E+06 1.74E+00 Vol. 1.75E+03 mVyear
TBP kg 4.70E+03 4.67E-03
OK kg 1.07E+01 I.06E-05
Na2CO , kg 1.53E+04 I.52E-02
Liquid U 0 2( N 0 ,) 0 : kg 9.79E+02 9.73E-04 Raffinate P roduct
N aN O , kg 2.50E+06 2.49E+00 Vol. 1.18E+04 mVyear
H 20 kg 2.65E+07 2.63E+01
H N O , kg I.56E+06 I.55E+00
Uranium Trioxide, U 03, production (PI)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Assumptions
E vaporation/D enitration/N itric Acid Recovery
B 336/B 337 Annual Flow sheet
No. 2/PR/A A  322944/003
M arch 1995
Yearly basis
7000 tonne U /year
8 kg natural U /kg enriched U
0.87  kg U/TJ
Inputs Composition Unit per year per TJ Source Notes
Liquid U 0 2(N 0 3) 0 2 kg 1.16E+07 1.15 E + 0 1 Solvent Extraction Stream  S 0 5 7
h 2o kg 5.64E+07 5.6IE + 01 P1.3 Vol. 5 .96E+04 m’/year
H N O , kg 2.97E+05 2.95E-01
Liquid H 20 kg 4.17E+02 4.15E -04 Sulphuric Acid
H ,S O , kg 1.00E+04 9.94E-03 Vol. 5.74 m’/year
Liquid H20 kg 3.05E+06 3.03E+00 w ater scrubbers
Vol. 3.06E+03 m’/year
Liquid h 2o kg 5.33E+04 5.30E-02 caustic scrubbers
N aOH kg 5.33E+03 5.30E-03 Vol. 53.3 m’/year
Outputs Composition Unit per year per TJ Receiver Notes
Solid U 0 3 kg 8.4 IE + 06 8.36E +00 UF4 Kilns U O , product
H N O , kg 3.81E+04 3.79E -02 P2
h 2s o 2 kg 9.73E+03 9.67E-03
Gas NO kg 1.38E+02 1.37E-04 transport, air
N 0 : kg 2 .U E + 0 2 2 .10E-04 Vol. 9 .34E+05 m’/year
Air kg 1.12E+06 1.11E+00
Liquid H 20 kg 5.86E+06 5.83E+0O N itric Acid fo r absorption tow er
H N O , kg 3.83E+06 3 .8 IE + 0 0 Vol. 7.69E+03 m’/year
H 2SO , kg 2.78E+02 2.76E -04
G as NO kg 4.07E+03 4.05E-03 C austic Scrubber off-gas
N 0 : kg 1.36E+03 1.35E-03 Vol. 1.5E+07 m’/year
Air kg 1.80E+07 1.79E+01
Liquid N aN O , kg 4.51E+03 4.48E-03 Caustic Scrubber liquor
H20 kg 5.43E+04 5.40E-02 Vol. 57.2 m’/year
NaOH kg 1.09E+03 I.08E-03
N a N 0 2 kg 3.66E+03 3.64E-03
Ancillary Services per year per TJ
Air 6.75E+05 6.71E-01
Air 1.12E+07 1.I1E+01
Air 1.12E+06 1.1 IE + 00
Steam 2.07E+07 2.06E+01 Vol. 5 .17E+06 m’/year
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Uranium Tetrafluoride, UF4, kiln plant (P2)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
1st UF4 Kiln
B 612 Annual F low sheet
No. 2/P:R /A A  322950/001
M arch 1995
Y early basis
6000 tonne U/annum
8 kg  natural U /kg enriched U
0.87  kg  U /TJ
Inputs Composition Unit per year per TJ Source Notes
Solid U O ,
H N O ,
kg
kg
7.21E+06
3.24E+04
8.36E+00 U O , 
3.76E-02 production
H ydrator
H 2SO , kg 8.70E+03 1.01E-02 P I
Liquid H jO kg 1.55E+03 1.80E-03 W etting agent to  hydrator
W etting agent kg 9.90E+01 1.15E-04 Vol. 1.53 m3/year
Liquid H 20 kg 6.60E+03 7.66E-03 N itric Acid to  hydrator
H N O , kg 9.90E+03 1.15E-02 Vol. 11.8 m’/year
Liquid H 20 kg 9.75E+05 1.13E+00 Fylde w ater to  H ydrator 
Vol. 977 m'Vyear
Gas o 2 kg 2.27E+06 2.63E+00 A tm ospheric air to  hydrator
n 2 . kg 7.44E+06 8.63E+00 Vol. 8 .1E+06 m'Vyear
Liquid AHF kg 2.20E+06 2.55E+00 Anhydrous H ydrogen Fluoride (A H F) 
Vol. 2.2E+03 m'Vyear
Gas h 2 kg 9.05E+04 1.05E-01 L ow  pressure hydrogen to  reduction kiln 
Vol. 1.08E+06 mVyear
Gas n 2 kg 4.72E+05 5.48E-01 Low  pressure nitrogen to  reduction kiln 
Vol. 4 .05E+05 mVyear
Gas n 2 kg 5.24E+05 6.08E-01 L ow  pressure nitrogen to  
H ydrofluorination kiln 
Vol. 4.SE+05 mVyear
Liquid N aO H kg 2.35E+04 2.73E-02 Sodium  H ydroxide to
H 20 kg 5.64E+05 6.54E-01 Reduction kiln scrubber 
Vol. 5.62E+02 mVyear
Liquid N aO H kg I.51E+03 1.75E-03 Sodium  H ydroxide to
H 20 kg 3.62E+04 4.20E-02 AHF vent scrubber 
Vol. 36.1 m'Vyear
Liquid N aO H kg 1.36E+04 1.58E-02 Sodium  H ydroxide to
H 20 kg 3.26E+05 3.78E-OI HF kiln scrubber 
Vol. 325 m'Vyear
Gas 0 , kg 7.70E+06 8.93E+00 A tm ospheric air for ejector
n 2 kg 2.52E+07 2.92E+01 Vol. 2 .74E +07 m'Vyear
Outputs Composition Unit yearly 1/TJ Receiver Notes
Solid u o 2
u o 2f 2
U F j
H N O ,
kg
kg
kg
kg
1.34E+05
7.76E+04
7.68E+06
6.82E+03
1.55E-01 Line 4 H ex plant 
9 .00E-02 P3 
8.91E+00 
7.91E-03
UF4 product
Gas H 20 kg 5.29E+05 6.14E-01 H ydrator/E jector O ff-gas
o 2
n 2
W etting agent
kg
kg
kg
9.97E+06
3.26E+07
9.90E+01
1.16E+01
3.78E+01
1.15E-04
Vol. 3 .62E +07 mVyear
Liquid N aOH kg 3.47E+03 4.03E-03 Scrubber effluent from  R eduction kiln
N aN O :
N aN O ,
h 2o
N a2S
kg
kg
kg
kg
2.05E+04
2.58E+03
5.71E+05
6.79E+03
2.38E-02
2.99E-03
6.62E-0I
7.88E-03
Vol. 604 m'Vyear
Gas H : S kg 6.05E+01 7.02E-05 Scrubber off-gas from  R eduction kiln
o 2
N :
H :
n o 2
kg
kg
kg
kg
4.04E+03
4.72E+05
3.94E+04
7.19E+02
4.69E-03
5.48E-01
4.57E-02
8.34E-04
Vol. 8.78E+05 mVyear
Liquid h 2o kg 9.14E+05 1.06E+00 C ondensate from  R eduction kiln
H N O , kg 1.39E+04 1.6 IE-02 Vol. 928 m'Vyear
Liquid N aO H kg 1.25E+03 1.45E-03 Scrubber effluent from  H F kiln
NaF kg 1.30E+04 1.51E-02 Vol. 331 mVyear
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Uranium Tetrafluoride, UF4, kiln plant (P2)
Liquid
Liquid
Gas
Liquid
H 20  kg
H F kg
N , kg
H 20  kg
H F kg
N aO H  kg
N aF  kg
H 20  kg
H F  kg
3.32E+05 3.85E-01
1.26E+02 1.46E-04
5.24E+05 6 .08E -0!
8.86E+05 1.03E+00
2.24E+05 2.60E-01
2.76E+02 3.20E-04
I.30E+03 1.5 IE-03
3.68E+04 4.27E-02
1.26E+0I I.46E-05
H F kg  4.50E+O3 5.22E-03
Scrubber off-gas from  HF kiln 
Vol. 4 .5E+05 mVyear
C ondensate from H F kiln 
Vol. I l l  E+03 m'Vyear
Scrubber effluent from  AHF feed tank 
Vol. 38.4 m'Vyear
Scrubber off-gas from AHF feed tank 
Vol. 15.1 mVyear
V apour drainings from  AHF vaporiser 
Vol. 4.5 mVyear
127
Uranium Tetrafluoride, U F4, kiln plant using recycled uranium (P2-R)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
U Fj Kiln plant (recycled uranium )
H ourly flowsheet 
D raw ing no. A A 32402I 
M ay 1997 
H ourly
1200 tonne U /year 4800 hr/year operation
8 kg recycled U /kg enriched U  (D ependent on  the  enrichment grade o f  the recycled product) 
0 .87  kg U/TJ
Inputs Composition Unit per hour per TJ Source Notes
U O , kg 2.17E+02 6.04E+00 T H O RP U O , Feed to  hydrator
H 20 kg 1.12E+00 3.13E-02
U O 2SO4 kg 8.45E-01 2.35E-02
U O 2(N 0,)2 kg 5.72E+00 I.59E-01
T c kg 9.20E-05 2.56E-06
Ru kg 3.20E-09 8.91E-I1
N p kg 4.20E-05 1.17E-06
Pu kg 1.10E-08 3.06E-10
Cl kg 1.80E-02 5.01E-04
Fe kg 5.50E-02 1.53E-03
Si kg 1.80E-02 5.01E-04
P kg 9.20E-03 2.56E-04
U -232 Bq 2.66E+08 7.40E+06
U -234 Bq 2.05E + I0 5.71E+08
U -235 Bq I.63E+08 4.53E+06
U -236 Bq 3.73E+09 1.04E+08
U -238 Bq 2.25E+09 6.27E+07
Pu (T O T ) Bq 4.98E+06 I.39E+05
N p-237 Bq I.IIE + O b 3.08E+04
Ru-106 Bq I.03E+08 2.86E+06
T c-99 Bq 5.80E+05 1.61E+04
Rh-106 Bq I.03E+0S 2.86E+06
Pb-212 Bq 2.66E+08 7.40E+06
Bi-212 beta Bq 1.70E+08 4.72E+06
Th-228 Bq 2.66E+08 7.40E+06
R a-224 Bq 2.66E+08 7.40E+06
R n-220 Bq 2.66E+08 7.40E+06
Po-216 Bq 2.66E+08 7.40E+06
Po-212 Bq 1.69E+08 4.72E+06
TI-208 Bq 9.54E+07 2.66E+06
Th-231 Bq 1.63E+08 4.53E+06
Th-234 (m) Bq 2.25E+09 6.27E+07
Pa-234 Bq 2.25E+09 6.27E+07
Pa-233 Bq 1.11E+06 3.O8E+O4
Pu-238 Bq 2.04E+05 5.68E+03
Pu-239 Bq 2.24E+04 6.23E+02
Pu-240 Bq 3.82E+04 1.06E+03
Pu-241 Bq 4.72E+06 1.31E+05
Th-230 Bq 7.32E+05 2.04E+04
Am-241 Bq 4.02E+06 1.12E+05
Cm-244 Bq 3.00E+06 8.35E+04
TI-207 Bq 3.49E+03 9.72E+01
H20 kg 4.14E-02 I.15E-03 W etting agent
W etting agent kg 2.64E-03 7.35E-05 to hydrator
H :0 kg 1.50E+00 4 .I6E -02 Nitric acid
H N O , kg 2.64E-01 7.35E-03 to hydrator
H 20 kg 2.46E+01 6.85E-01 Fylde w ater to  hydrator
A IR kg 2.61E+02 7.25E+00 A tm ospheric air to  hydrator
H F kg 6.33E+01 1.76E+00 A nhydrous H ydrogen 
Fluoride (A H F) to  vapouriser
H : kg 2.40E+00 6.68E-02 H ydrogen to  reduction kiln
N : kg 1.26E+01 3.50E-01 N itrogen  to  reduction  kiln
N i kg 1.40E+01 3.89E-01 N itrogen  to  hydrofluorination (H F) kiln
H 20 kg 7.25E+00 2.02E-01 Potassium  H ydroxide
K OH kg 9.89E-01 2.75E-02 to  reduction kiln scrubber
H :0 kg 8.12E+00 2.26E-01 Potassium  H ydroxide
K OH kg I.11E+00 3.08E-02 to  sentencing tank
H 20 kg 1.72E+0! 4.80E-0I Potassium  H ydroxide
KOH kg 2.35E+00 6.55E-02 to  HF scrubber
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Uranium Tetrafluoride, UF4, kiln plant using recycled uranium (P2-R) 
Outputs Composition Unit per hour per TJ Receiver____________ Notes ____________________
N : kg 1.39E-05 3.87E-07 Line 2
H F kg 5.58E-06 1.55E-07 P3-R
H 20 kg 2.61E-05 7.27E-07
U 0 2F: kg 1.57E+01 4.37E-01
H N O , kg 1.50E-06 4 .I8E -08
U F, kg 2.16E+02 6.01E+00
U 0 2 kg 9.78E+00 2.72E-01
U 0 2S 0 4 kg 4.22E-04 1.17E-05
UOzCNO,), kg 4.69E-03 I.31E-04
U O ,x  H 20 kg 1.15E-02 3.20E-04
U O , kg 2.06E-05 5.72E-07
T c kg 8.28E-05 2.3 IE-06
Ru kg 3.20E-09 8 .9 IE -1 1
N p kg 4.20E-05 I.17E-06
Pu kg I.10E -08 3 .06E -I0
Cl kg 1.80E-02 5 .0 IE -04
Fe kg 5.50E-02 1.53E-03
Si kg 1.80E-02 5.01E-04
P kg 9.20E-03 2.56E-04
U -232 Bq 2.66E+08 7.41E+06
U -234 Bq 2.05E+10 5.71E+08
U -235 Bq I.63E+ 08 4.54E+O6
U -236 Bq 3 .73E+09 1.04E+08
U -238 Bq 2 .25E+09 6.26E+07
Pu (TO T) Bq 4.98E +06 1.39E+05
N p-237 Bq 1 .11E+06 3.09E+04
Ru-106 Bq 1.03E+08 2.87E+06
Tc-99 Bq 5.22E+05 1.45E+04
Rh-106 Bq 1.03E+08 2.87E+06
Pb-212 Bq 2.66E+08 7.41E+06
B i-212 beta Bq 1.70E+08 4 .73E+06
B i-212 alpha Bq 9.54E+07 2 .66E+06
T h-228 Bq 2.66E+08 7.41E+06
Ra-224 Bq 2.66E+08 7.41E+06
Rn-220 Bq 2.66E+08 7.41E+06
P o-216 Bq 2.66E+08 7.41E+06
Po-212 Bq 1.69E+08 4.70E+06
TI-208 Bq 9.54E+07 2.66E+06
Th-231 Bq I.63E+08 4.54E+06
Th-234 (m) Bq 2 .25E+09 6.26E+07
Pa-234 Bq 2 .25E+09 6.26E+07
Pa-233 Bq 1 .11E+06 3.09E+04
Pu-238 Bq 2.04E+05 5.68E+03
Pu-239 Bq 2.24E+04 6.24E+02
Pu-240 Bq 3.82E+04 1.06E+03
Pu-241 Bq 4.72E +06 1.31E+05
Th-230 Bq 7.32E+O5 2.04E+04
Am-241 Bq 4.02E +06 1.12E+05
Cm-244 Bq 3.00E+06 8.35E+04
TI-207 Bq 3.49E+03 9.72E+01
AIR kg 2 .6 IE + 02 7.25E+00 stack
H 20 kg 1.37E+01 3.81E-01
U O :(N O ,)2 kg 6.54E-06 1.82E-07
U O , x H 20 kg 2.30E-04 6.40E-06
Tc kg 9 .2 0 E -1 1 2.56E-12
Ru kg 3.20E -I5 8.91E-17
N p kg 4 .2 0 E -1 1 1.17E-12
Pu kg I.10E-14 3.06E-16
Cl kg I.80E-08 5.01E-10
Fe kg 5.50E-08 1.53E-09
Si kg I.80E-08 5.01E-10
P kg 9.20E-09 2.56E-10
U-232 Bq 2.66E+02 7.40E+00
U -234 Bq 2.05E+04 5.71E+02
U-235 Bq I.63E+02 4.53E+00
U -236 Bq 3.73E+03 1.04E+02
U-238 Bq 2.25E+03 6.27E+0I
Pu (TO T) Bq 4.98E+00 1.39E-01
N p-237 Bq 1.1 IE+00 3.08E-02
R u -106 Bq 1.03E+02 2.86E+00
T c-99 Bq 5.80E-01 1.61E-02
Rh-106 Bq 1.03E+02 2.86E+00
Pb-212 Bq 2.66E+02 7.40E+00
B i-212 beta Bq 1.70E+02 4.72E+00
Th-228 Bq 2.66E+02 7.40E+00
Ra-224 Bq 2.66E+02 7.40E+00
Rn-220 Bq 2.66E+O2 7.40E+00
Po-216 Bq 2.66E+02 7.40E+00
Po-212 Bq 1.69E+02 4.72E+00
TI-208 Bq 9.54E+0I 2.66E+00
T h -2 3 1 Bq 1.63E+02 4.53E+00
Th-234 (m) Bq 2.25E+03 6.27E+01
Pa-234 Bq 2.25E+03 6.27E+01
Pa-233 Bq 1.1 IE + 00 3.08E-02
Pu-238 Bq 2.04E-01 5.68E-03
Pu-239 Bq 2.24E-02 6.23E-04
Pu-240 Bq 3.82E-02 1.06E-03
Pu-241 Bq 4.72E+00 1.31E-01
T h-230 Bq 7.32E-0I 2.04E-02
Am-241 Bq 4 .02E+00 1.12E-01
Cm-244 Bq 3.00E+00 8.35E-02
TI-207 Bq 3.49E-03 9.72E-05
UF4 product
O ffgas from  hydrator
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Uranium Tetrafluoride, UF4, kiln plant using recycled uranium (P2-R)
Gas N 2 kg
N O , kg
A IR  kg
H , kg
H 2S kg
H ,0  kg
U O , kg
U-232 Bq
U -234 Bq
U -235 Bq
U -236 Bq
U -238 Bq
R u-106 Bq
R h-106 Bq
Pb-212 Bq
B i-212 beta Bq
Th-228 Bq
Ra-224 Bq
Rn-220 Bq
Po-216  Bq
Po-212 Bq
Th-231 Bq
Th-234 (m ) Bq
Pa-234 Bq
Liquid N , kg
O , kg
H , kg
H ,0  kg
U F , kg
U O , kg
U O , kg
K O H  kg
K N O , kg
K N O , kg
K ,S  kg
K,SO, kg
K F kg
U 2K20 2 kg
T c kg
Ru kg
N p kg
Pu kg
Cl kg
Fe kg
Si kg
P kg
U -232 Bq
U -234 Bq
U -235 Bq
U -236 Bq
U -238 Bq
Pu (TO T) Bq
N p-237 Bq
R u-106 Bq
T c-99  Bq
R h-106 Bq
Pb-212 Bq
B i-212 beta Bq
B i-212 alpha Bq
Th-228 Bq
Ra-224 Bq
R n-220 Bq
P o-216 Bq
P o-212 Bq
Tl-208 Bq
Th-231 Bq
Th-234 (m) Bq
Pa-234 Bq
Pa-233 Bq
Pu-238 Bq
Pu-239 Bq
Pu-240 Bq
Pu-241 Bq
T h-230 Bq
Am-241 Bq
C m -244 Bq
Tl-207 Bq
G as N , kg
H F kg
H ,0  kg
KF kg
liquid N 2 kg
HF kg
H ,0  kg
H N O , kg
H ,S O , kg
U F , kg
U O ,F , kg
U 0 2 kg
T c kg
1.26E+01 3.50E-01 stack
4.32E-03 1.20E-04
2.61E-04 7.25E-06
9.32E-01 2.59E-02
3.92E-02 1.09E-03
7.31E-01 2.04E-02
1.96E-06 5.45E-08
2.66E-06 7.40E-08
2.05E-04 5.71E-06
1.63E-06 4.53E-08
3.73E-05 1.04E-06
2.25E-05 6.27E-07
1.03E-06 2.86E-08
1.03E-06 2.86E-08
2 .66E -06 7.40E-08
1.70E-06 4.72E-08
2.66E-06 7.40E-08
2.66E-06 7.40E-08
2.66E-06 7.40E-08
2.66E-06 7.40E-08
1.69E-06 4.72E-08
1.63E-06 4.53E-08
2.25E-05 6.27E-07
2.25E-05 6.27E-07
4.05E-05 1.13E-06 toxic drain
2.63E-06 7.32E-08
1.84E-06 5.12E-08
1.88E+02 5.24E+00
1.54E-03 4.30E-05
4 .78E -04 1.33E-05
7.42E-05 2.07E-06
8.14E+00 2.27E-01
3.95E-01 1.10E-02
4.77E-01 1.33E-02
1.26E-0I 3.50E-03
7.10E-05 1.98E-06
6.01E+00 1.67E-01
8.02E-04 2.23E-05
6.37E-09 1.77E-10
3.20E-10 8.91E-12
2.05E-06 5.7 IE-08
4 .4 0 E -I5 1.23 E - 16
1.07E-09 2 .9 8 E -1 1
3.27E-09 9 .I1 E -1 !
1.07E-09 2 .9 8 E -1 1
5 .4 7 E -I0 1.52E -11
I.33E+03 3.69E+01
1.02E+05 2.84E+03
8 .1 1E+02 2.26E +0I
1.86E+04 5.I8E + 02
1.12E+04 3.13E+02
1.32E+01 3.67E-01
5.41E+04 1.51E+03
5.13E+05 1.43E+04
4.16E+01 1.16E+00
2.71E+02 7.55E+OO
7.03E+02 1.96E+01
4.48E+02 1.25E+01
2.52E+02 7.02E+00
7.03E+02 I.96E+01
7.03E+02 1.96E+01
7.03E+02 I.96E+01
7.03E+02 1.96E+01
4.48E+02 1.25E+01
2.52E+02 7.02E+00
4.30E+02 1.20E+01
5.95E+03 1.66E+02
5.95E+03 I.66E+02
2.93E+00 8.I5E -02
2.87E+00 S.00E-02
2.86E+00 7.97E-02
2.86E+00 7.97E-02
3.14E+00 8.75E-02
2.91E+00 8.09E-02
3.10E+00 8.63E-02
3.04E+00 8.47E-02
2.86E+00 7.97E-02
I.40E+01 3.89E-01 stack
5.58E-03 1.55E-04
3.10E-01 8.62E-03
I.60E-06 4.46E-08
1.40E-05 3.89E-07 D H F to tank farm
5.65E+00 1.57E-01
2.58E+01 7.20E-01
1.50E+00 4.17E-02
1.13E-01 3.15E-03
2.I6E -04 6.02E-06
I.57E-05 4.36E-07
9.78E-06 2.72E-07
9.20E-06 2.56E-07
O ffgas from  Reduction kiln scrubber
Liquid effluent from  reduction  kiln 
sentencing tank
Offgas from  H F kiln scrubber
AHF vapour drainings
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Uranium Tetrafluoride, UF4, kiln plant using recycled uranium (P2-R)
Ru kg 3.20E-15 8.91E-17
Np kg 4.20E-11 1.17E-12
Pu kg I.10E-14 3.06E-16
Cl kg 1.80E-08 5.01E-10
Fe kg 5.50E-08 1.53E-09
Si kg 1.80E-08 5.01E-10
P kg 9.20E-09 2.56E-10
U-232 Bq 2.66E+02 7.40E+00
U-234 Bq 2.05E+04 5.71E+02
U-235 Bq I.63E+02 4.53E+00
U-236 Bq 3.73 E+03 1.04E+02
U-238 Bq 2.25E+03 6.27E+0I
Pu (TO T) Bq 4.98E+00 1.39E-01
Np-237 Bq 1.1 IE + 00 3.0SE-02
R u -106 Bq 1.03E+02 2.86E+00
T c-99 Bq 5.80E+04 1.61E+03
Rh-106 Bq 1.03E+02 2.86E+00
Pb-212 Bq 2.66E+02 7.40E+00
B i-212 beta Bq 1.70E+02 4.72E+00
Th-228 Bq 2.66E+02 7.40E+00
Ra-224 Bq 2.66E+02 7.40E+00
R n-220 Bq 2.66E+02 7.40E+00
Po-216 Bq 2.66E+02 7.40E+00
Po-212 Bq 1.69E+02 4.72E+00
TI-208 Bq 9.54E+01 2.66E+00
Th-231 Bq 1.63E+02 4.53E+00
Th-234 (m) Bq 2.25E+03 6.27E+01
Pa-234 Bq 2.25E+03 6.27E+01
Pa-233 Bq 1.11E+00 3.08E-02
Pu-238 Bq 2.04E-01 5.68E-03
Pu-239 Bq 2.24E-02 6.23E-04
Pu-240 Bq 3.82E-02 1.06E-03
Pu-241 Bq 4.72E +00 1.3IE-01
T h-230 Bq 7.32E-01 2.04E-02
Am-241 Bq 4.02E +00 1.12E-01
Cm-244 Bq 3.00E+00 8.35E-02
Tl-207 Bq 3.49E-03 9.72E-05
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Uranium Tetrafluoride, UF4, kiln plant using recycled uranium (P2-R)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
Saveall Plant (recycled uranium )
Hourly flowsheet 
Drawing no. AA324021 
M ay 1997 
Hourly
1200 tonne U/annum
8 kg recycled U /kg enriched U (D ependent on the enrichm ent grade o f  the recycled p roduct) 
0.87 kg U/TJ
Inputs Composition Unit per hour per TJ Source Notes
H 20 kg 2.72E+0I 7.59E-01 K O H  solution feed
K O H kg 3.72E+00 1.03E-01
h 2o kg 2.50E+00 6.95E-02 H EX  leak scrubber liquor
H N O , kg 4 .17E-03 1.I6E-04
U O , kg 2.75E-04 7.67E-06
U -232 Bq 3.30E+02 9.19E+00
U-234 Bq 2.54E+O4 7.O8E+O2
U-235 Bq 2.02E+02 5.62E+00
U -236 Bq 4.63E+03 1.29E+02
U -238 Bq 2.80E+03 7.78E +0I
Pu (TO T) Bq 6.19E+00 1.72E-01
Np-237 Bq 1.38E+00 3.83E-02
R u -106 Bq 1.27E+02 3.55E+0O
Tc-99 Bq 7.20E-01 2.00E-02
Rh-106 Bq 1.27E+02 3.55E+00
Pb-212 Bq 3.30E+02 9.19E+00
Bi-212 beta Bq 2.11E+02 5.86E+00
Th-228 Bq 3.30E+02 9.19E+00
R a-224 Bq 3.30E+02 9.19E+00
R n-220 Bq 3.30E+02 9.19E+00
Po-216 Bq 3.30E+02 9.19E +00
Po-212 Bq 2 .I1E + 02 5.86E+00
TI-208 Bq 1.18E+02 3.30E+OO
Th-231 Bq 2.02E+02 5.62E+00
Th-234 (m) Bq 2.80E+03 7.78E+01
Pa-234 Bq 2.80E+03 7.78E+01
Pa-233 Bq I.38E+00 3.83E-02
Pu-238 Bq I.38E+00 3.83E-02
Pu-239 Bq I.38E+00 3.83E-02
Pu-240 Bq 1.38E+00 3.83E-02
Pu-241 Bq I.38E+00 3.83E-02
Th-230 Bq I.38E+00 3.83E-02
Am-241 Bq 1.38E+00 3.83E-02
Cm-244 Bq 1.38E+00 3.83E-02
TI-207 Bq 1.38E+00 3.83E-02
H-O kg 8.33E+00 2.32E-0I Misc. sample return
U F, kg 3.09E-02 8.60E-04
uo2 kg 9.4 IE-03 2.62E-04
UO, kg 1.00E-03 2.79E-05
UF,, kg 4.44E-03 1.24E-04
U-232 Bq 1.31E+04 3.66E+02
U-234 Bq 1.01E+06 2.82E+04
U-235 Bq 8.04E+03 2.24E+O2
U-236 Bq 1.84E+05 5.13E+03
U-238 Bq 1.1IE+05 3.IOE+03
P u (TO T) Bq 2.46E+02 6.86E+00
N p-237 Bq 5.48E+01 1.52E+00
R u-106 Bq 5.07E+03 1.41E+02
Tc-99 Bq 2.87E+01 7 .9 8 E -0 1
Rh-106 Bq 5.07E+03 I.41E+02
Pb-212 Bq 1.31E+04 3.66E+02
Bi-212 beta Bq 8.39E+03 2.34E+02
Th-228 Bq 1.31E+04 3.66E+O2
Ra-224 Bq 1.31E+04 3.66E+02
Rn-220 Bq I.3 IE + 04 3.66E+02
Po-216 Bq I.31E+04 3.66E+02
Po-212 Bq 8.39E+03 2.34E+02
TI-208 Bq 4.72E+03 1.31E+02
Th-231 Bq 8.04E+03 2.24E+02
Th-234 (m) Bq I.11E+05 3.I0E + 03
Pa-234 Bq 111E+05 3.10E+03
Pa-233 Bq 5.48E+OI 1.52E+00
Pu-238 Bq 5.48E+0I 1.52E+00
Pu-239 Bq 5.48E+0I I.52E+00
Pu-240 Bq 5.48E+OI I.52E+00
Pu-241 Bq 5.48E+01 1.52E+00
T h-230 Bq 5.48E+01 I.52E+00
Am-241 Bq 5.48E+01 1.52E+00
C m-244 Bq 5.48E+01 1.52E+00
TI-207 Bq 5.48E+01 1.52E+00
H 20 kg I.85E+01 5.14E-0I R ainw ater from  non-uranic sum p
HF kg 6.94E-04 I.93E-05 Em ergency scrubber liquor
H 2 0 kg 6.94E+00 1.93E-01
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Uranium Tetrafluoride, UF4, kiln plant using recycled uranium (P2-R)
Outputs
Solid
h 2o kg 1.85E+01 5.I4E-01
U O , kg 2.22E-04 6 . I 8E-O6
U-232 Bq 2.66E+02 7.4 IE+ 00
U-234 Bq 2.05E+04 5.71E+02
U-235 Bq I.63E+02 4.53E+00
U-236 Bq 3.73 E+03 1.04E+02
U-238 Bq 2.25E+03 6.27E+01
Pu (TO T) Bq 4.99E+00 1.39E-01
N p-237 Bq 1.1 IE+ 00 3.09E-02
Ru-106 Bq 1.03E+02 2.86E+00
Tc-99 Bq 5.80E-01 1.61E-02
R h-106 Bq 1.03E+02 2.86E+O0
Pb-212 Bq 2.66E+02 7.41E+00
Bi-212 beta Bq 1.70E+02 4.73E +00
Th-228 Bq 2.66E+02 7.41E+00
Ra-224 Bq 2.66E+02 7.4 IE + 00
Rn-220 Bq 2.66E+02 7.41E+00
Po-216 Bq 2.66E+02 7.4 IE+ 00
Po-212 Bq 1.70E+02 4.73E+00
Tl-208 Bq 9.55E+01 2.66E+00
Th-231 Bq 1.63E+02 4 .53E+00
T h-234 (m ) Bq 2.25E+03 6.27E+01
Pa-234 B q 2.25E+03 6.27E+01
Pa-233 Bq 1.1 IE+ 00 3.09E-02
Pu-238 Bq 1.1 IE+00 3.09E-02
Pu-239 Bq 1.1 IE+00 3.09E-02
Pu-240 Bq 1.1 IE+00 3.09E-02
Pu-241 Bq 1.1 IE+00 3.09E-02
Th-230 Bq 1.1 IE+00 3.09E-02
Am-241 Bq 1.1 IE+00 3.09E-02
Cm-244 Bq 1.1 IE+00 3.09E-02
Tl-207 Bq 1.1 IE+00 3.09E-02
Composition Unit per hour per TJ Receive
H20 kg 2.39E-0I 6 .65E-03 recycled
UFj kg 2.93E-02 8.17E-04
U O : kg 9.13E-03 2.54E-04
U O :(N O ,): kg 1.34E-06 3.72E-08
U 0 ,x H 20 kg 1.10E-05 3.05E-07
U O, kg 1.42E-03 3.97E-05
KOH kg 1.03E-02 2.86E-04
K NO , kg 1.22E-05 3.39E-07
KF kg 7.70E-03 2.14E-04
U -K -O , kg 1.46E-02 4.07E-04
Tc kg 1.21E-07 3.36E-09
Np kg 3.90E-05 1.08E-06
Pu kg I.04E-14 2.88E-16
Cl kg I.69E-08 4.71E-10
Fe kg 5.17E-08 1.44E-09
Si kg 1.69E-08 4.71E-10
P kg 8.65E-09 2.4 I E - 10
U-232 Bq 2.51E+04 7.00E+02
U-234 Bq 1.94E+06 5.39E+04
U-235 Bq 1.54E+04 4.28E+02
U-236 Bq 3.53E+05 9.82E+03
U-238 Bq 2.13E+05 5.93E+03
Pu (TO T) Bq 2.49E+02 6.94E+00
Np-237 Bq 1.03E+06 2.86E+04
R u-106 Bq 9.76E+06 2.72E+05
Tc-99 Bq 7.90E+02 2.2 0 E + 0 1
Rh-106 Bq 5.14E+03 I.43E+02
Pb-212 Bq 1.33E+04 3.70E+02
Bi-212 beta Bq 8.49E+03 2.36E+02
Th-228 Bq 1.33E+04 3.70E+02
Ra-224 Bq 1.33E+04 3.70E+02
Rn-220 Bq 1.33E+04 3.70E+02
Po-216 Bq 1.33E+04 3.70E+02
Po-212 Bq 8.49E+03 2.36E+02
TI-208 Bq 4.78E+03 1.33E+02
Th-231 Bq 8.14E+03 2.27E+02
Th-234 (m) Bq 1.13E+05 3.14E+03
Pa-234 Bq I.13E+05 3.14E+03
Pa-233 Bq 5.54E+01 1.54E+00
Pu-238 Bq 5.46E+01 1.52E+00
Pu-239 Bq 5.44E+0I 1.51E+00
Pu-240 Bq 5.44E+01 1.51E+00
Pu-241 Bq 5.88E+01 1.64E+00
Th-230 Bq 5.51E+01 1.53E+00
Am-241 Bq 5.82E+01 I.62E+00
Cm-244 Bq 5.72E+01 1.59E+00
TI-207 Bq 5.44E+01 1.5 IE+00
U ranic sum p liquor
Notes
Solids from  centrifuge
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Line 4 HEX Plant, UF6 production (P3)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Assumptions
Line 4 H EX  Plant 
B684 Annual Flow sheet 
No. 2/P:R /A A  322952/001 
M arch 1995 
Yearly
6000 tonne U/year 
8 kg natural U/kg enriched U 
0.87  kg U/TJ
Inputs Composition Unit per year p er TJ Source Notes
Solid U O , kg 9.00E+04 1.04E-01 U F , Kilns U F , product
u o 2f : kg 9.00E+04 1.04E-01 P2
U F, kg 7.75E+06 8.99E+00
CaF2 kg 6.83E+04 7.92E-02
H jO kg 4.20E+03 4.87E-03
Gas F: kg I.03E+06 1.19E+00 Fluorine Cells Vol. 7.64E+05 m'Vyear
HF kg 3.26E+04 3.78E-02 P4
Gas N : kg 1.72E+04 2.00E-02 Vol. 1.63E+04 mVyear
Gas N ; kg 1.72E+04 2.00E-02 M iscellaneous N 2 purge feed
Vol. 1.63E+04 mVyear
Gas N : kg 8.60E+04 9.98E-02 Vol. 8 .14E+04 mVyear
Liquid KOH kg 2.48E+05 2.88E-01 Potassium  H ydroxide
H ,O kg 2.05E+06 2.38E+00 Vol. 2.07E+03 mVyear
Outputs Composition Unit per year per TJ Receiver Notes
Liquid u f 6 kg 8.88E+06 1.03E+01 Enrichment UF6 product
UREN C O Vol. 1.9E+03 mVyear
Solid U F , kg 2.32E+04 2.69E-02 R eactor &  po st reactor
CaF: kg 6.83E+04 7.93E-02 filter
Liquid UF« kg 2.53E+03 2.93E-03 C old trap
Vol. 0.541 m'Vyear
Gas UF« kg 5.26E+00 6.10E-06 stack O ff gas from  scrubber
F : kg 5.59E+02 6.4SE-04 Vol. 1.45E+05 mVyear
HF kg 8.39E+02 9.73E-04
0 : kg 3.53E+04 4.09E-02
N : kg 1.20E+05 I.39E-01
Liquid K :U :0 7 kg 6.56E+0I 7.6 IE-05 Filtration o f  scrubber liquor
KOH kg 4.61E+04 5.35E-02 Vol. 2.32E+03 m'Vyear
KF kg 2.07E+05 2.40E-01
H20 kg 2.09E+06 2.42E+00
Solid k 2u 2o 7 kg 4.91E+03 5.70E-03 Filtration o f  scrubber liquor
KOH kg 2.39E+02 2.77E-04 Vol. 16.2 m'Vyear
KF kg 1.07E+03 1.24E-03
H20 kg 1.08E+04 1.25E-02
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Line 3 HEX Plant, UFg production using recycled uranium (P3-R)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Assumptions
Line 3 H EX  Plant (recycled uranium)
H ourly flowsheet 
D raw ing no. AA324021 
M ay 1997 
Hourly
1200 tonne U /year 4800 hr/year operation 
' 8 kg recycled U /kg enriched U 
0.87 kg  U/TJ
Inputs Composition Unit per hour per TJ Source Notes
n 2 kg 1.39E-05 3.87E -07 UF4 kiln UF4 product
HF kg 5.58E-06 1.55E-07 P2-R
H 20 kg 2.61E-05 7.27E-07
u o 2f : kg 1.57E+01 4.37E-01
HN O , kg 1.50E-06 4.18E-08
u f 4 kg 2.16E+02 6.01E+00
uo2 kg 9.78E+00 2.72E -0I
uo2so4 kg 4.22E-04 1.17E-05
U 0 2(N 0 ,)2 kg 4.69E-03 1.31E-04
U 0 , x H 20 kg 1.15E-02 3.20E-04
U O, kg 2.06E-05 5.72E-07
Tc kg 8.28E-05 2.3 IE-06
Ru kg 3.20E-09 8 .9 1 E -1 1
N p kg 4.20E-05 1.17E-06
Pu kg I.10E-08 3.06E-10
Cl kg I.80E-02 5.01E-04
Fe kg 5.50E-02 1.53E-03
Si kg 1.80E-02 5.0 IE-04
P kg 9.20E-03 2.S6E-04
U-232 Bq 2.66E+08 7.41E+06
U-234 Bq 2.05E+10 5.7 IE + 08
U-235 Bq 1.63E+08 4.S4E+06
U -236 Bq 3.73E+09 1.04E+08
U-238 Bq 2.25E+09 6.26E+07
Pu (TO T) Bq 4.98E +06 1.39E+05
Np-237 Bq 1 .I1E+ 06 3.09E+04
R u-106 Bq 1.03E+08 2.87E+06
Tc-99 Bq 5.22E+05 1.45E+04
Rh-106 Bq 1.03E+08 2.87E+06
Pb-212 Bq 2.66E+08 7.41E+06
Bi-212 beta Bq 1.70E+08 4.73E+06
Bi-212 alpha Bq 9 .54E+07 2.66E+06
Th-228 Bq 2.66E+08 7.41E+06
Ra-224 Bq 2.66E+08 7.41E+06
Rn-220 Bq 2.66E+08 7.41E+06
Po-216 Bq 2.66E+08 7.41E+06
Po-212 Bq 1.69E+08 4.70E+06
TI-208 Bq 9.54E+07 2.66E+06
Th-231 Bq 1.63E+08 4.54E+06
Th-234 (m) Bq 2.25E+09 6.26E+07
Pa-234 Bq 2.25E+09 6.26E+07
Pa-233 Bq 1.11E+06 3.09E+04
Pu-238 Bq 2.04E+05 5.68E+03
Pu-239 Bq 2.24E+04 6.24E+02
Pu-240 Bq 3.82E+04 1.06E+03
Pu-241 Bq 4.72E +06 1.31 E+05
Th-230 Bq 7.32E+05 2.04E+04
Am-241 Bq 4.02E +06 1.I2E+05
Cm-244 Bq 3 .00E+06 8.35E+04
TI-207 Bq 3.49E+03 9.72E+01
H F kg 1.14E+00 3.18E-02 Fluorine feed to  filter
f 2 kg 3.41E+01 9.48E-01
N : kg 2.30E-01 6.40E-03 N itrogen  feed to  filter
N : kg 1.15E+00 3.20E-02 N itrogen  feeds to  H ex reacto r
h 2o kg 4 .73E + 0I 1.32E+00 K O H  solution feed to  UF6 cold trap  scrubber
KOH kg 6.45E +00 1.79E-01
N : kg 5.00E +00 1.39E-01 N itrogen  feed to  UF6 cold trap scrubber
Outputs Composition Unit Value kg/TJ Receiver Notes
Solid UF4 kg 1.42E+00 3.96E-02 S torage/recycle
u o 2f 2 kg I.93E-01 5.37E-03
U 0 2 kg 8.07E-02 2.25E-03
UO 2SO4 kg 5.21E-06 1.45E-07
U 0 2(N 0 ,)2 kg 5.79E-05 1.61E-06
U O , x H 20 kg 6.3 IE-03 1.76E-04
UO, kg 1.14E-05 3.18E-07
Tc kg I.94E+03 5.41E+01
Ru kg 2.88E+00 8.02E-02
Np kg 9.85E+02 2.74E+01
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Line 3 HEX Plant, UF6 production using recycled uranium (P3-R)
Liquid
Gas
Pu kg 2.58E-0I 7.18E-03
Cl kg 4.22E+05 1.18E+04
Fe kg I.29E+06 3.59E+04
Si kg 4.22E+05 1.18E+04
P kg 2.16E+05 6.01 E+03
U-232 Bq 7.09E+05 1.97E+04
U -234 Bq 5.46E+07 1.52E+06
U-235 Bq 4.34E+05 1.21E+04
U-236 Bq 9.94E+06 2.77E+05
U-238 Bq 6.00E+06 1.67E+05
Pu (TO T) Bq 1.17E+05 3.25E+03
N p-237 Bq 2.60E+04 7.23E+02
R u-106 Bq 9.24E+07 2.57E+06
Tc-99 Bq I.22E+04 3.41E+02
Rh-106 Bq 9.25E+07 2.57E+06
Pb-212 Bq 2.40E+08 6.67E+06
B i-212 beta Bq 1.53E+08 4.26E+06
Bi-212 alpha Bq 8.60E+O7 2.39E+06
Th-228 Bq 2.40E+08 6.67E+06
Ra-224 Bq 2.40E+08 6.67E+06
R n-220 Bq 2.40E+08 6.67E+06
Po-216 Bq 2.40E+08 6.67E+06
Po-212 Bq 1.53E+08 4.25E+06
TI-208 Bq 8.60E+07 2.39E+06
Th-231 Bq 1.47E+08 4.08E+06
Th-234 (m ) Bq 2.03E+09 5.65E+07
Pa-234 Bq 2.03E+09 5.65E+07
Pa-233 Bq 9.98E+05 2.78E+04
Pu-238 Bq 4.78E+03 1.33E+02
Pu-239 Bq 5.24E+02 1.46E+01
Pu-240 Bq 8.95E+02 2.49E+01
Pu-241 Bq 1.11E+05 3.08E+03
Th-230 Bq 6.60E+05 I.84E+04
Am-241 Bq 9.42E+04 2.62E+03
Cm-244 Bq 7.04E+04 1.96E+03
TI-207 Bq 3.15E+03 8.76E+0I
N ; kg 1.38E-03 3.84E-05 Enrichment
0 : kg 2.73E-03 7.60E-05 URENCO
N O ; kg 1.07E-06 2.98E-08
U F, kg 1.20E+00 3.33E-02
U O ;F; kg 1.70E-01 4.73E-03
U O ; kg 9.55E-02 2.66E-03
U O ;SO , kg 4.27E-06 1.19E-07
U O ;(N O j); kg 4.76E-05 1.32E-06
U 0 ,X H ;0 kg 5.19E-03 1.44E-04
U O , kg 9.40E-06 2.62E-07
F; kg 3.67E-04 1.02E-05
UF6 kg 2.69E+02 7.50E+OO
Tc kg 8.07E-05 2.25E-06
Pu kg 1.07E-08 2.99E-10
Cl kg 1.76E-02 4.89E-04
Fe kg 5.37E-02 1.50E-03
Si kg 1.76E-02 4.89E-04
P kg 8.98E-03 2.50E-04
U-232 Bq 2.65E+08 7.3SE+06
U-234 Bq 2.04E+10 5.69E+08
U-235 Bq 1.62E+08 4.52E+O6
U -236 Bq 3.72E+09 1.04E+08
U-238 Bq 2.25E+09 6.25E+07
Pu (TO T) Bq 4.87E+06 1.36E+05
Ru-106 Bq 9.24E+02 2.57E+01
Tc-99 Bq 5.09E+O5 I.42E+04
R h-106 Bq I.02E+07 2.83E+05
Pb-212 Bq 2.63E+07 7.33E+05
Bi-212 beta Bq 1.68E+07 4.68E+05
Th-228 Bq 2.63E+07 7.33E+05
Ra-224 Bq 2.63E+07 7.33E+05
Rn-220 Bq 2.63E+07 7.33E+05
Po-216 Bq 2.63E+07 7.33E+05
Po-212 Bq 1.68E+07 4.67E+Û5
TI-208 Bq 9.45E+06 2.63 E+05
Th-231 Bq 1.61E+07 4.48E+05
Th-234 (m) Bq 2.23E+08 6.21E+06
Pa-234 Bq 2.23E+08 6.21E+06
Pa-233 Bq 1.10E+05 3.05E+03
Pu-238 Bq 1.99E+05 5.54E+03
Pu-239 Bq 2.I8E + 04 6.08E+02
P u -2 4 0 . Bq 3.73E+04 1.04E+03
Pu-241 Bq 4.61E+06 1.28E+05
T h-230 Bq 7.25E+04 2.02E+03
Am-241 Bq 3.92E+06 1.09E+05
Cm-244 Bq 2.93E+06 8.16E+04
TI-207 Bq 3.46E+02 9.63 E+00
N ; kg 6.38E+00 I.78E-0I Stack
0 ; kg 2.88E+00 8.02E-02
HF kg 1.13E-02 3.16E-04
N O ; kg 3.24E-06 9.02E-08
H ;0 kg 3.65E-01 1.02E-02
KOH kg 2.19E-06 6.09E-08
KF kg 4.4  IE-06 1.23E-07
F; kg 3.64E-03 1.0 IE-04
UF,, kg 1.20E-04 3.33E-06
Tc kg 1.27E-I3 3.54E-15
UF,, product
H F scrubber offgas
137
Line 3 HEX Plant, UF6 production using recycled uranium (P3-R)
Np kg 4.10E-11 1.14E-12
U-232 Bq 1.25E-02 3.47E-04
U-234 Bq 9.60E-01 2.67E-02
U-235 Bq 7.62E-03 2.12E-04
U-236 Bq 1.75E-01 4.87E-03
U-238 Bq 1.06E-0I 2.94E-03
Np-237 Bq 1.08E+00 3.01E-02
Ru-106 Bq 1.03E+01 2.86E-01
T c-99 Bq 8.01E-04 2.23E-05
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Fluorine cells (P4)
Unit process/system
Reference
Ref. Code
Date
Functional unit o f original data 
Assumptions
Fluorine Cells
B284 Annual Flow sheet
No. 3/PR /A A  322958/001
M arch 1995
Yearly
1300 tonne Fz/annum 
0.172 kgFz/kgU  
8 kg natural U /kg enriched U 
0.87 kg U/TJ
Inputs Composition Unit per year per TJ Source Notes
Liquid H F kg 1.45E+06 1.34E+00 H ydrogen F luoride
Vol. 1045E+03 mVyear
Liquid H 20 kg 1.00E+06 9.21E-01 P otassium  H ydroxide
K O H kg 1.36E+05 1.25E-01 Vol. 1.03E+03 mVyear
Outputs Composition Unit per year per TJ Receiver Notes
Gas H F kg 4.12E+04 3.79E -02 Line 4  H E X Fluorine
F: kg 1.30E+06 1.20E+00 P3 Vol. 1.34E+03 mVyear
Gas H 2 kg 6.90E+04 6.35E-02 Scrubber off-gas
HF kg 8.21E+02 7.56E-04 Vol. 8 .24E+05 mVyear
Liquid HzO kg I.04E+06 9.58E-01 Spent Liquor
K O H kg 2.35E+04 2.16E-02 Vol. 1.15E+03 mVyear
KF kg 1.17E+05 1.08E-01
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New Oxide Fuel Complex (NOFC), U 0 2 production (P5)
Unit process/system
Reference
Ref. Code
Date
Functional unit of original data 
Assumptions
N ew  Oxide Fuel Complex (N OFC) 
B686 Annual Flow sheet 
No. 2/PR/A A  322956/001 
M arch 1995 
Yearly
1250 tonne U/year (5 kilns)
0.87 kg U/TJ
Inputs Composition Unit per year per TJ Source Notes
Solid UF* kg I.85E+06 1.29E+00 Enrichment Enriched UF*
U REN CO Vol. 1.85E+03 m'Vyear
Gas h 2 kg 2.51E+04 1.75E-02 H ydrogen to  ID R  kiln
Vol. 3E+05 mVyear
Gas n 2 kg 1.89E+05 1.32E-01 Nitrogen to  ID R  kiln
Vol. 1.62E+05 mVyear
Gas N : kg 1.04E+05 7.24E-02 N itrogen to  ID R  kiln
Vol. 89 mVyear
Liquid h 2o kg 3.25E+05 2.26E-01 Vol. 422  m'Vyear
N aO H kg 1.14E+05 7.93E-02
Gas n 2 kg 2.28E+04 I.59E-02 Vol. I.95E + 04 mVyear
Outputs Composition Unit yearly 1/TJ Receiver Notes
Solid uo2 kg 1.42E+06 9.88E-01 PW R fuel to  pow er U 0 2 pow der product
reactor Vol. 1.42E+04 mVyear
G as N* kg 2.28E+04 1.59E-02 Scrubber O ff-gas
Vol. 1.95E+04 mVyear
Liquid h 2o kg 2.88E+06 2.00E+00 Delay tank  product
N aO H kg 3.83E+04 2.67E -02 Vol. 2 .94E+03 mVyear
NaF kg 7.94E+04 5.53E-02
G as h 2 kg 1.45E+04 1.01E-02 Scrubber O ff-gas
HF kg 7.72E+02 5.37E-04 Vol. 4 .25E+05 mVyear
n 2 kg 2.93E+05 2.04E-01
Liquid h 2o kg 3.08E+05 2.14E-01 Vol. 899 mVyear
H F kg 5.92E+05 4.12E-01
Ancillary Services
Steam kg 3.03E+05 2.1 IE-01 Vol. 1.91 E+05 mVyear
Steam kg 1.95E+05 1.36E-01 Vol. 1.23E+05 m'Vyear
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Gaseous discharges
Unit process/system 
Reference
Date
Functional unit of original data 
Assumptions
Gaseous discharges
Personal com m unication. Inform ation from: "Application for an A uthorisation
o f  a Prescribed P rocess operated by B N FL International G roup, Fuel Division (1995)”
Septem ber 1996
Hourly
8 kg natural U/kg enriched U
0.87 kg U/TJ
See individual notes
Outputs Composition Unit per hour per TJ Source Notes
u kg 4.20E-07 9 .82E -08 B336 R ecovery  line M illing & Dissolution,
u kg 3.60E-06 8.42E-07 Solvent extraction
u kg 3 .I0E -08 7 .25E -09 250 te  U /annum
u kg 4.00E-05 9.35E -06 8400 hr/annum
N O kg 1.00E-04 2.34E-05
H kg 2.40E-07 5 .6 1 E-OS
U kg 6.30E-06 1.47E-06
U kg 8.70E-04 6 .49E -06 B337 U O C  dissolution &  filtration
U kg 4.20E-06 3 .I3 E -0 8 7000 teU /annum , 7500 hr/annum
U kg 2.00E-05 8 11E-06 B633 EU R R P
N O kg 3.70E-02 1.50E-02 103 te  U /yr
U kg 9.70E-07 3.93E -07 6000 hr/yr
HCI kg 2.50E-03 1.01E-03
part kg 1.25E-03 5.07E -04
N O x kg 5.00E-02 2.03E -02
SO ; kg 5.40E-02 2.19E-02
N H ; kg 1.80E-02 7.30E-03
F kg I.30E-06 5.8SE-09 B686 N O FC
U kg 4.2E-08 1.90E-10 5 kilns, 1250 te U/annum
F kg 1.70E-06 7.69E -09 6500 hr/annum
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Liquid discharges
Unit process/system 
Reference
Date
Functional unit o f original data 
Assumptions
Liquid discharges
Personal com m unication. Inform ation from: "Application for an Authorisation
o f  a  Prescribed Process operated by B N FL International G roup, Fuel Division (1995)"
Septem ber 1996
Hourly
8 kg natural U /kg enriched U
0.87 kg U/TJ
See individual notes
Outputs Composition Unit per hour per TJ Source Notes
u kg 6.48E-02 1.52E-02 B336 R ecovery line Milling & Dissolution,
Cd kg 1.40E-03 3.27E-04 Solvent extraction
H g kg 1.10E-04 2.57E-05 250 te  U/annum
Cu kg 8.70E-02 2.03E-02 8400 hr/annum
C r kg 2.00E-02 4.68E-03
Fe kg 1.58E+00 3.69E-01
Ni kg 2.40E-02 5.61E-03
As kg 7.20E-03 1.68E-03
N itrate kg 1.42E+02 3.32E+01
Th kg 2.10E-02 4.91E-03 B336
U kg 8.00E-02 1.87E-02
V kg 1.20E-03 2.81E-04
Zn kg 2.60E-05 6.08E-06
Pb kg 7.90E-03 1.85E-03
Cl kg 1.30E-01 3.04E-02
F kg 1.43E+00 3.34E-01
Cd kg 1.30E-03 3.04E-04 B336
H g kg 2.90E-04 6.78E-05
Cu kg 4 .4 0 E -0 1 1.03E-01
C r kg 9.60E-03 2.25E-03
Fe kg 3.28E+00 7.67E-01
Ni kg 1.10E-01 2.57E-02
As kg 6.80E-03 1.59E-03
N itrate kg 1.62E-04 3.79E-05
Th kg 3.40E-03 7.95E-04
U kg 3.00E-01 7.02E-02
V kg 2.00E-04 4.68E-05
Zn kg 2.20E-02 5.14E-03
Pb kg 4.50E-06 1.05E-06
Cl kg 4.I9E + 01 9.80E+00
F kg 3.52E+01 8.23E+00
Cd kg 1.00E-05 2.34E-06 B336
H g kg 1.60E-06 3.74E-07
Cu kg 1.00E-03 2.34E-04
C r kg 5.00E-03 1.17E-03
Fe kg 3.30E-02 7.72E-03
Ni kg 5.00E-03 1.17E-03
As kg 2.50E-03 5.85E-04
N itrate kg 7.17E+00 1.68E+00
Th kg 5.60E-05 1.3 IE-05
U kg 6 .10E-02 1.43E-02
V kg 4.60E-06 1.08E-06
Zn kg 2.20E-06 5.14E-07
Pb kg 1.00E-04 2.34E-05
Cl kg 7.70E-02 1.80E-02
F kg I.20E-01 2.81E-02
Cd kg 5.90E-07 5.13E-09 B 612/654 UF4 kiln plant
H g kg 1.10E-06 9.57E-09 6000 teU/annum
Cu kg 8.30E-06 7.22E-08 7500 hr/annum
C r kg 2.30E-06 2.00E-08
Fe kg 6.00E-04 5.22E-06
Ni kg 3.60E-06 3.13E-08
As kg 3.00E-06 2.61E-08
Th kg 2.20E-07 1.91E-09
U kg 3.30E-05 2.87E-07
V kg 1.20E-06 1.04E-08
Zn kg 5.20E-06 4.52E-08
Pb kg 6.00E-07 5.22E-09
Ni kg 2.50E-04 1.01E-04 B633 EU R R P
As kg 2 .10E-05 8.51E-06 103 te  U /yr
N itrate kg 5.00E+00 2.03E+00 6000 hr/yr
Th kg 2.30E-07 9.33E-08
U kg 1.10E-03 4.46E-04
Zn kg 1.20E-06 4.87E-07
Pb kg 3.60E-06 1.46E-06 B633
N H , kg 1.36E+00 5.5IE-01
F kg 6.60E-02 2.68E-02
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Liquid discharges
9.00E-04
1.10E-06
7.60E-04
3.90E-04
3.20E-02
6.80E-04
1.10E-05
4.01E+00
2.20E-06
3.60E-04
I.70E-05
2.40E-06
2.80E-03
1.02E+00
4.46E -07 
3.08E-04 
I.58E-04 
I.30E-02 
2.76E-04 
4.46E -06 
I.63E+ 00 
8.92E-07 
I.46E-04 
6.89E-06 
9.73E-07 
I.14E-03 
4 .12E-0I
Solid Waste
Unit process/system 
Reference
Date
Functional unit of original data 
Assumptions
Solid W aste
Personal com m unication, Inform ation from: "Application for an Authorisation
o f  a  Prescribed Process operated by B N FL International G roup, Fuel Division (1995)"
Septem ber 1996
M onthly
8 kg natural U/kg enriched U
0.87  kg U/TJ
See individual notes
Outputs Composition Unit per month per TJ Source Notes
Filter cake, from  filtration o f  recovery line 
dissolver liquors
kg 2.69E+04 8.97E+00 B336 R ecovery line. M illing and Dissolution, 
Solvent extraction
Filter cake, filtration o f  stage leach liquors kg 7.26E+04 2.43E+01 B336 250 tonne U /year 
8400 hr/year
F ilter cake from  secondary ro tary  filter kg 8.00E+03 2.67E+00 B 336
M ild steel UO C drum s & m aintenance w aste kg 1.57E+04 5.25E+00 B 336
General w aste kg 8.00E+03 2 .67E+00 B336
U sed filters kg 3.20E+02 B 336/337/338/612/654
G raphite slurry kg 1.67E+04 5 .58E+00 B336
General w aste kg 1.57E+04 1.87E-0I B337 U O C  dissolution and filtration 
7000 tonne U /year 
7500 hr/year
Scrap anodes (special w aste) kg 1.90E+03 2 .10E-02 B284 Fluorine cells 
1300 tonne F:/year
lagging m aterials w /asbestos (special w aste) kg 5 .00E+02 5.53E-03 B284 0.172 F2/k g U  
7500 hr/year
General w aste kg 3.80E+03 4.20E -02 B284
General W aste kg 5.30E+03 B338 Plant data required to  normalise 
values to  the functional unit
Scrap metal kg 4.00E+03 B338
Graphite kg 1.25E+04 B338
General w aste kg 3.70E+03 B 26/633/686
Used filters kg 2.50E+02 B26/633/686
Spent solvent kg 5.00E+02 B 633/336
General w aste kg 3.80E+02 B33
W aste oil kg 6.70E+02 A ll p lan ts
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Life Cycle Stage Uranium  Enrichment
Facility Capenhurst
Location near Chester, Cheshire, U K
Company Urenco Ltd.
Collection method Data collected  from Health, Safety and Environm ent Report (1994)
and personal com m unication w ith K  Schneider (H ead o f  production)
Date 1995/96
Notes:
It is assumed that 8 kg natural uranium is consumed per 1 kg o f  enriched uranium used in fuel 
manufacturing (see Volume 1, Appendix B). Data for the enrichment stage are normalised to 1.29 
kg enriched UFô/TJ (see Volume 1, Appendix B)
The depleted tails from the enrichment process are assumed to be stored for potential future use.
147
Enrichment, URENCO
Unit process/system  
Reference
Date *  
Functional unit o f original data 
Assumptions
Enrichment, Urenco
Personal com m unication w ith Schneider, 1996 and Health, Safety and Environm ent R eport, 1994
1994
Y early
8 kg natural UF«/kg enriched UF6 
1.29 kg  enriched UF6 /T J
Inputs Composition Unit per year per kg UF6 per TJ Source Notes
Feed UF6 (natural) kg 1.86E+06 7.97E+00 1.03E+01 Uranium processing 
Springfields
Outputs Composition Unit per year per kg product per TJ Receiver
UFt  (enriched) kg 2.34E+05 1.00E+00 1.29E+00 Fuel M anufacturing P roduct (3 .6%  U 235)
Springfields
Gas U-235 Bq 6.74E+03 2.88E -02 3.71E-02
Fluoride kg 5.22E-02 2.23E -07 2.88E-07
CO, kg 4.16E+05 1.78E+00 2.29E+00
CFCs kg 7 .1 1E+03 3.04E -02 3.92E-02
HCFCs kg 6.70E+01 2.86E -04 3.69E-04
Solid w aste m3 6.36E+01 2.72E -04 3.51E-04
Tails u f 6 kg 1.63E+06 6.97E+00 8.99E+00 S torage
Bq 2.70E-04 1.15E-09 1.49E-09
Liquid U alpha Bq 6.16E-05 2.63E-10 3.40E-10
U daughters Bq 1.47E-04 6.27E -10 8.09E-10
Ancillary Services Unit per year per kg product perTJ
Electricity MWh 1.20E+05 5.13E-01 6.62E-01
Steam kg 2.30E+03 9.83E-03 1.27E-02
W ater m3 8.60E+04 3.68E-01 4.74E-01
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Life Cycle Stage N uclear Pow er Production  
Facility S izew ell B
Location near Leiston, Suffolk, U K
Company N uclear Electric Ltd.
Collection method Data collected  from N uclear Electric docum ent (S X B -IP -772001, 
personal com m unication w ith  M  O ldfield  (Environm ental manager) 
and Health, Safety and Environm ental Report 1996/97
Date 1995/96
Notes:
Data is normalised to the functional unit: 1 TJ electricity
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Power production (Sizewell B)
Unit process/system  
Reference
Date
Functional unit of original data 
Assumptions
Sizewell B
Inputs: Personal Comm unication w/environmental officer
Outputs: N uclear E lectric docum ent. C hapter 11, Section 9, R adioactive w aste discharges 
(SX B -IP-772001)
1995/96
Yearly (average)
R eactor output: 7.88 TW h 28,368 TJ 
D ata cu t-o ff point, half life less than 1 day
Inputs Composition Unit per year per TJ Sources Notes
N uclear Fuel Uranium
T ow ns w ater
kg
m’ 6.13E+05
8.70E-01 Springfields 
2.16E+01
Electricity M W h 5.03E+05 I.77E+01
Diesel oil/K erosene kg I.15E+06 4.05E +0I M obil Oil
Carbon Dioxide kg 1.00E+04 3.53E-01
H ydrogen kg 6.50E+03 2.29E-01
N itrogen kg 1.44E+06 5.08E+01 British Oxygen
Oxygen kg I.00E+03 3.53E-02 (N uclear E lectric, 1995)
M ethane kg 1.00E-K)3 3.53E-02 (N uclear E lectric, 1995)
B oric Acid kg 5.00E+04 1.76E+00
Caustic Soda kg 1.04E+06 3.65E+01 ICI
H ydrazine kg 5.00E+03 1.76E-01 (3 5 % )
Lithium  H ydroxide kg 2.50E+04 8.81E-01
Sulphuric Acid kg 9.20E+05 3.24E+01 Industrial Acid (0 .9 6 % )
Ammonia kg 1.38E+05 4.86E +00 H ayes Chemicals (3 5 % )
Outputs Composition Unit per year per TJ Receiver Notes
Liquid H-3 Bq 2.50E+13 8.81E+08 Sea Effluents from:
C-14 Bq 3.00E+10 1.06E+06 B oron recycle system
Halogens Bq 5.20E + I0 1.83E+06
Drain channel A  
Drain channel B
C s-134 Bq 3.90E+09 1.37E+05
Chemical drains
Laundry & ho t show er subsystem
C s-136 Bq 1.20E+09 4.23E+04 Steam  generato r blow dow n system
C s-137 Bq 5.20E+09 I.83E+05 T urbine building drains
R b-86 Bq 1.50E+09 5.29E+04 C PP régénérant liquids
(O ther fission product)
S r-89 Bq 9.50E+08 3.35E+04
Sr-90 Bq 1.40E+08 4.94E+03
Y -90 Bq 7.60E+07 2.68E+03
Y-91 Bq 1.70E+08 5.99E+03
Ru-103 Bq 5.30E+08 I.87E + 04
Ru-106 Bq 2.40E+09 8.46E+04
Te-125m Bq 6.70E+07 2.36E+03
Te-127m Bq 4.80E+08 1.69E+04
T e -129m Bq I.80E+09 6.35E+04
T e -132 Bq 7.70E+08 2.71E+04
B a-140 Bq 3.70E+09 1.30E+05
Ce-141 Bq 6.70E+08 2.36E+04
C e -144 Bq 2.10E+09 7.40E+04
Pr-143 Bq 1.I0E+08 3.88E+03
(C orrosion products)
Cr-51 Bq 1.80E+10 6.35E+05
M n-54 Bq 1.60E+10 5.64E+05
C o-57 Bq 5.30E+08 1.87E+04
Co-58 Bq 2.30E+I1 8 .1 1E+06
C o-60 Bq 1.80E+10 6.35E+O5
Fe-55 Bq 1.80E+10 6.35E+O5
Fe-59 Bq 4.20E+09 1.48E+05
M o-99 Bq 3.10E+09 I.09E+05
Nb-95 Bq 3.40E+09 1.20E+05
Zr-95 Bq 2.30E+09 8 .1 1E+04
Ag-110m Bq 6.90E+08 2.43E+O4
Sb-122 Bq 3.10E+10 I.09E + 06
S b -124 Bq 2.30E+09 8 .IIE + 0 4
Sb-125 Bq 2.30E+09 8.H E+O 4
Sb-127 Bq 4.50E+10 1.59E+06
U -237
(A ctinides)
Bq 6.20E+08 2.19E+04
N p-239 Bq 2.50E+09 8.81E+04
Pu-238 Bq 1.20E+06 4.23E+01
Pu-239 Bq 4.40E+05 1.55E+01
Pu-240 Bq 4.40E+05 1.55E+01
Pu-241 Bq 1.30E+08 4.58E+03
Pu-242 Bq 1.40E+03 4.94E-02
Am-241 Bq 2.10E+05 7.40E+00
Am-242m Bq 7.90E+03 2.78E-01
A m-243 Bq 2.70E+04 9.52E-01
Cm-242 Bq 5.00E+06 1.76E+02
Cm-243 Bq 1.90E+03 6.70E-02
Cm-244 Bq 2.90E+05 I.02E+ 0I
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Power production (Sizewell B)
Cas
Solids 
Primary 
Spent Resins
H-3 Bq 2.20E+12 7.76E+07 S tack
C-14 Bq
(N oble gases)
3 .0 0 E + 1 1 1.06E+07
Kr-85 Bq 3.20E+12 1.13E+08
X e-131m Bq 5 .30E + 11 1.87E+07
X e-133m Bq 5 .40E + 11 1.90E+07
Xe-133 Bq 7.30E+13 2.57E+09
H alogens Bq
(Particulates)
6 .30E+08 2.22E+O4
Cr-51 Bq 5.7OE+O7 2.01E+03
M n-54 Bq 3.80E+07 1.34E+03
C o-58 Bq 8.60E+07 3.03E+03
C o-60 Bq 1.00E+08 3.53E+03
F e-59 Bq 1.10E+08 3.88E+03
Sr-85 Bq 9.60E+07 3.38E+03
Sr-89 Bq 5.20E+07 1.83E+03
Sr-90 Bq 4.70E+07 1.66E+03
Zr-95 Bq 2.5OE+07 8.81E+02
N b-95 Bq 3.00E+07 1.06E+03
Ru-103 Bq 1.60E+05 5.64E+0O
Sb-125 Bq 2.90E+O6 1.02E+02
C s-134 Bq 4 .40E+07 1.55E+03
Cs-136 Bq 7.00E+05 2.47E+01
Cs-137 Bq 7.10E+07 2.50E+03
B a-140 Bq 1.50E+O6 5.29E+01
C e-139 Bq 2.OOE+O5 7.05E+00
Ce-141 Bq 1.30E+08 4.58E+03
C e -144 Bq
(A ctinides)
9 .90E+07 3.49E+03
U -237 Bq 3.30E+07 1.16E+03
N p-239 Bq 1.90E+08 6.70E+03
Pu-238 Bq 5.00E+04 1.76E+00
P u-239 Bq 1.90E+04 6.70E-01
P u-240 Bq 1.90E+04 6 .70E -0I
Pu-241 Bq 5.60E+06 1.97E+02
Pu-242 Bq 6.00E+01 2.12E-03
Am-241 Bq 9.10E+03 3.21E-01
A m -242m Bq 3.40E+02 1.20E-02
A m-243 Bq I.20E+03 4.23E-02
Cm-242 Bq 2.20E+05 7.76E+00
Cm-243 Bq 8.00E+01 2.82E-03
Cm-244 Bq 1.30E+04 4.58E -0I
H-3 Bq 2.71E+05 9.55E+00 T otal 9.2 m'Vyear
C-14 Bq 7.38E+OI 2.60E-03 to  Drigg
N a-24 Bq 6.34E+04 2.23E+00
H alogens Bq 2.67E+06 9.41E+01
C s-134 Bq 1.72E+06 6.06E+01
Cs-136 Bq 5.07E+04 1.79E+00
C s-137 Bq 2.03E+06 7.16E +0I
Rb-86 Bq
(O ther fission products)
7.20E+04 2.54E+00
Sr-89 Bq I.61E+05 5.68E+00
Sr-90 Bq 9.35E+04 3.30E+00
Y-90 Bq 9.35E+04 3.30E+00
Y-91 Bq 2.91E+04 1.03E+00
Ru-103 Bq 7.34E+04 2.59E+00
Ru-106 Bq 1.21E+06 4.27E+01
T e -125m Bq 1.31E+04 4.62E-01
T e -127m Bq 1.41E+05 4.97E +00
T e -129m Bq 2.11E+05 7.44E+00
T e -132 Bq 4.31E+04 1.52E+00
B a-140 Bq 2.31E+05 8.14E+00
Ce-141 Bq 8.04E+04 2.83E+00
C e -144 Bq 9.86E+05 3.48E+01
Pr-143 Bq
(C orrosion products)
S.03E+03 2.83E-01
Cr-51 Bq I.9 IE + 06 6.73 E+01
M n-54 Bq 7.84E+06 2.76E+02
Co-57 Bq 2.41E+05 8.50E+00
C o-58 Bq 6.03E+07 2.13E+03
C o-60 Bq 1.21E+07 4.27E+02
Fe-55 Bq I.I1 E + 0 7 3.91E+02
Fe-59 Bq 6.43E+05 2.27E+01
M o-99 Bq 3.52E+04 1.24E+00
Nb-95 Bq 4.42E+05 1.56E+01
Zr-95 Bq 4.32E+05 1.52E+0I
Ag-110m Bq 2.62E+O5 9.24E+00
Sb-122 Bq 6.90E+06 2.43E+02
Sb-124 Bq 5.62E+05 1.98E+01
Sb-125 Bq 1.51E+06 5.32E+01
Sb-127 Bq 9.21E+06 3.25E+02
Primary resins includes:
CVCS dem ineralisers (2.55 m3), 
BRS D emineralisers (1 .7  m3). 
Spent Fuel Pond and Refueling 
Pond Déminéraliser (4.11 m 3) and 
LRW S D emineralisers (0.S5 m3)
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Power production (Sizewell B)
Solids 
Secondary 
spent resins
Solids
Evaporator
concentrates
(A ctinides)
U-237 Bq 2.44E+04 8.60E-01
N p-239 Bq 8.64E+04 3.05E+00
Pu-238 Bq 7.65E+02 2.70E-02
P u-239 Bq 2.92E+02 1.03E-02
P u-240 Bq 2.92E+02 1.03E-02
Pu-241 Bq 8.35E+04 2.94E+00
Pu-242 Bq 9.16E-01 3.23E-05
Am-241 Bq 1.41E+02 4.97E-03
Am -242m Bq 5.13E+00 1.81E-04
Am-243 Bq 1.81E+01 6.38E-04
Cm-242 Bq 1.81E+03 6.38E-02
Cm-243 Bq 1.21E+00 4.27E-05
C m -244 Bq 1.91E+02 6.73E-03
H-3 Bq 2.50E+02 8.81E-03 8.5 m'Vyear to  Drigg
C -14 Bq 7.50E-03 2.64E-07
N a-24 Bq 3.70E+00 1.30E-04
H alogens Bq 7.02E+01 2.47E-03
C s-134 Bq I.80E+02 6.35E-03
Cs-136 Bq 3.90E+00 1.37E-04
Cs-137 Bq 2.70E+02 9.52E-03
R b-86 Bq
(O ther fission products)
6.60E+00 2.33E-04
Sr-89 Bq 1.10E+01 3.88E-04
Sr-90 Bq 6.90E+00 2.43E-04
Y -90 Bq 6.90E+00 2.43E-04
Y-91 Bq 4.00E+01 1.41E-03
R u-103 Bq 4.80E+00 1.69E-04
Ru-106 Bq 9.30E+01 3.28E-03
T e -125m Bq 8.60E-01 3.03E-05
Te-127m Bq 1.00E+01 3.53E-04
T e -129m Bq 1.40E+01 4.94E-04
T e -132 Bq 7.50E-01 2.64E-05
Ba-140 Bq 1.20E+01 4.23E-04
Ce-141 Bq 5.10E+00 1.80E-04
C e -144 Bq 7.50E+01 2.64E-03
Pr-143 Bq
(C orrosion products)
3.70E-01 1.30E-05
Cr-51 Bq U 0 E + 0 2 3.88E-03
M n-54 Bq 5.70E+02 2.01E-02
Co-57 Bq 1.90E+01 6.70E-04
Co-58 Bq 3.50E+03 I.23E-01
Co-60 Bq 8.80E+02 3.10E-02
Fe-55 Bq 8.10E+02 2.86E-02
Fe-59 Bq 4.30E+01 1.52E-03
M o-99 Bq 2.70E+00 9.52E-05
Nb-95 Bq 2.80E+01 9.87E-04
Zr-95 Bq 3.30E+0I 1.I6E-03
Ag-110m Bq 2.30E+01 8.1 IE-04
Sb-122 Bq 2.70E+0I 9.52E-04
Sb-124 Bq 3.20E+01 1.13E-03
Sb-125 Bq 1.10E+02 3.88E-03
Sb-127 Bq
(A ctinides)
5.00E+01 1.76E-03
U -237 Bq 1.10E+00 3.88E-05
N p-239 Bq 2.00E+00 7.05E-05
Pu-238 Bq 6.00E-02 2.12E-06
Pu-239 Bq 2.30E-02 8.1 IE-07
P u-240 Bq 2.30E-02 8.1 IE-07
Pu-241 Bq 6.50E+00 2.29E-04
Pu-242 Bq 7.10E-05 2.50E-09
Am-241 Bq 1.10E-02 3.88E-07
Am -242m Bq 4.Q0E-04 1.4 IE-08
Am-243 Bq 1.40E-03 4.94E-08
Cm-242 Bq 1.40E-01 4.94E-06
Cm-243 Bq 9.50E-05 3.35E-09
Cm-244 Bq 1.50E-02 5.29E-07
H-3 Bq 5.60E+04 1.97E+00 5 m3 /year to  Drigg
C-14 Bq 1.50E+01 5.29E-04
N a-24 Bq 3.30E+00 1.16E-04
H alogens Bq 2.24E+02 7.90E-03
Cs-134 Bq 7.30E+02 2.57E-02
C s-136 Bq 1.40E+01 4.94E-04
C s-137 Bq 1.10E+03 3.88E-02
Rb-86 Bq
(O ther fission products)
2.40E+0I 8.46E-04
Sr-89 Bq 4.20E+01 1.48E-03
Sr-90 Bq 3.00E+01 1.06E-03
Y -90 Bq 3.00E+01 1.06E-03
Y-91 Bq 7.60E+00 2.68E-04
Ru-103 Bq 2.10E+01 7.40E-04
R u-106 Bq 3.80E+02 1.34E-02
Te-125m Bq 3.30E+00 I.16E-04
T e - 127m Bq 4.10E+01 1.45E-03
T e - 129m Bq 5.30E+01 1.87E-03
T e - 132 Bq 2.20E+00 7.76E-05
B a-140 Bq 4.20E+01 1.48E-03
Ce-141 Bq 1.90E+01 6.70E-04
C e -144 Bq 3.10E+02 1.09E-02
Pr-143 Bq 1.30E+00 4.58E-05
SG BS D emineralisers
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Power production (Sizewell B)
(C orrosion products)
Cr-51 Bq 4.20E+02 1.48E-02
M n-54 Bq 2.40E+03 8.46E-02
C o-57 Bq 7.60E+01 2.68E-03
C o-58 Bq 1.40E+04 4.94E-01
C o-60 Bq 3.70E+03 1.30E-01
F e-55 Bq 3.40E+03 1.20E-01
F e-59 Bq 1.60E+02 5.64E-03
M o-99 Bq 7.50E+00 2.64E-04
N b-95 Bq I.00E+02 3.53E-03
Zr-95 Bq 1.30E+02 4.58E-03
Ag-110m Bq 9.50E+01 3.35E-03
Sb-122 Bq 7.30E+OI 2.57E-03
Sb-124 B q 1.20E+02 4.23E-03
Sb-125 Bq 4.50E+02 1.59E-02
Sb-127 Bq
(A ctinides)
1.50E+02 5.29E-03
U -237 Bq 3.70E+OO 1.30E-04
N p-239 Bq 5.30E+00 1.87E-04
Pu-238 Bq 2.60E-01 9.17E-06
Pu-239 Bq 9.70E-02 3.42E-06
Pu-240 Bq 9.70E-02 3.42E-06
Pu-241 Bq 2.80E+01 9.87E-04
Pu-242 Bq 3.10E-04 1.09E-08
Am-241 Bq 4.70E-02 1.66E-06
Am -242m Bq I.70E-03 5.99E-08
Am-243 Bq 5.90E-03 2.08E-07
Cm-242 Bq 5.60E-OI 1.97E-05
Cm-243 Bq 4.00E-04 1.41E-08
Cm-244 Bq 6.30E-02 2.22E-06
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Life Cycle Stage Transport betw een facilities in the N uclear Fuel C ycle
Collection method D ata has been collected  from personal com m unication w ith J M ayor 
(Springfields Transport Services) and the "1994 U K  R adioactive  
W aste Inventory”.
Date 1995/96
Notes:
Data on transport is included in this volume o f  the thesis as some o f  the information should be 
treated as confidential. This is particularly the case with quantities o f  material being delivered to 
and subsequently leaving the BNFL, Springfields facility. The data on solid radioactive waste has 
been taken from the “ 1994 United Kingdom Waste Inventory” (Nirex, 1996) and is publicly 
available. This data has been discussed in Volume I o f  this thesis, but is also included here for 
completeness.
References:
BNFL, 1996, Personal communication, Springfields Transport Services, October 1996 
Nirex, 1996, The 1994 United Kingdom Radioactive Waste Inventory, report prepared for UK  
Nirex Ltd. and the Department o f  the Environment by Electro watt Engineering 
Services (UK) Ltd., DOE/RAS/96.001, Nirex Report No. 695 
Nuclear Electric, 1996, Health, Safety and Environmental Report 1996/97
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Schematic Overview
Key:
1 Non-irradiated material
2 Irradiated material
3 Radioactive waste
Uranium
Mining/
Milling
Capenhurst
(URENCO)
Enrichment
Springfields
(BNFL)
Fuel manufacturing
W aste storage 
Drigg, ILW & HLW 
repository
Sizewell 
(British Energy) 
Power Production
Sellafield
(BNFL)
Reprocessing
Information which has been collected for each o f  the transport categories is described in detail 
below, and all data are summarised in tables at the end o f  the section.
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1 Non-irradiated materials:
Uranium ore
All shipments o f  Uranium Ore Concentrate (UOC) to the UK use conventional Deep Sea Freight 
Services. Approximately 4000 tonnes o f  ore arrive each year at several different ports in the UK, 
depending on the origin o f  the material. The main ports o f  entry are Liverpool, Felixstowe, 
Tilbury, Thamesport and Southampton. The ore is transported to Springfields near Preston for 
further processing using a combination o f  Rail Freight and Road Haulage. The norm is to use Rail 
Freight to Manchester and then Road Freight to Springfields. Approximately 15 tonnes o f  UOC is 
packed in 200 litre steel drums and transported in each 20' ISO shipping container. The empty 20' 
ISO containers are returned to the container depot in Manchester (BNFL, 1996). The typical gross 
weights for Springfields vehicles is approximately 30 tonnes while the maximum o f 38 tonnes is 
sometimes approached when transporting UOC (BNFL, 1996). The amount o f  uranium ore 
transported per functional unit is 8.2 kg UgOg/TJ (see Appendix B, Volume I).
Uranium hexafluoride (natural)
Uranium Hexafluoride is transported in either a natural or enriched form. Natural Uranium 
Hexafluoride (UF6) is sent from the fuel manufacturing site at Springfields to enrichment at 
URENCO’s plant at Capenhurst near Chester. The enriched material is returned to Springfields 
for final conversion to oxide fuels. Approximately 15 tonnes o f  natural UF6 is filled into 48" 
cylinders and transported using specially designed trailers or “flatracks”. Road and rail freight are 
used as the major transport modes, although it has been known to use air freight i f  a delivery lead 
time is particularly short (BNFL, 1996). The amount o f  Uranium Hexafluoride transported per 
functional unit is 10.3 kg UF6/TJ (see Appendix B, Volume I).
Uranium Hexafluoride (enriched)
The enriched UF6 is returned in 30" cylinders using specially designed semi-trailers or 20' 
flatracks. The cylinders hold approximately 1.5 tonnes o f  product each and a semi-trailer can carry 
a maximum o f 6 loaded cylinders, i.e. 9 tonnes UF6/joumey, while each 20' flatrack can carry a 
maximum o f  4, i.e. 6 tonnes UF6/joumey (BNFL, 1996). In the case o f  natural UF6 deliveries o f  
48" cylinders, the empty trailer is often re-loaded with the enriched product in 30" cylinders or 
with empty cylinders for re-filling. Over a period, return transports also cany cylinders filled with 
Tails Depleted UF6, the by-product o f  the enrichment process (BNFL, 1996). The amount o f  
enriched UF6 transported per functional unit is 1.29 kg UF^TJ and the amount o f  depleted tails is 
9.03 kg UF6/TJ (see Appendix B, Volume I).
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Reactor Fuel
The PWR fuel assemblies are packed into overpacks which are loaded on to specially designed 
semi-trailers. The total uranium weight in each assembly is approximately 490 kg. Each trailer 
can take 4 overpacks which each contain two finished fuel assemblies, i.e. 490 * 2 * 4 = 3920 kg 
U/joumey. Each reactor reload uses approximately 16 tonnes uranium and hence 4 transports per 
year operate between the fuel manufacturing site at Springfields and the PWR reactor Sizewell B 
near Aldeburgh (BNFL, 1996). The amount o f  uranium in fresh fuel transported per functional 
unit is 0.87 kg U/TJ (see Appendix B, Volume I).
2 Irradiated materials:
Spent Nuclear Fuel
Spent nuclear fuel is transported to Sellafield, primarily, by rail. The Excellox flask used to 
transport PWR fuel is capable o f  transporting 7 fuel assemblies containing 490 kg Uranium each, 
i.e. 3500 kg U/joumey. In this study, the net weight o f  the Excellox flask is assumed to be 
approximately 70 tonnes and the transport wagon approximately 102 tonnes. The amount o f  U 
transported in spent fuel per functional unit is 0.82 kg U/TJ (see Appendix B, Volume I).
Reprocessed Uranium
1800 tonnes o f  U 0 3 has been moved using 119 journeys by road, i.e. 1800 tonnes/119 =  15 
tonnes/joumey. The amount o f  U 0 3 produced during reprocessing is 1.09 kg U 0 3/TJ (see 
Appendix B, Volume I). It is assumed that all the reprocessed uranium is transported from the 
reprocessing site at Sellafield to the fuel manufacturing site at Springfields.
3 Waste materials:
Low Level Waste (LLW)
At Sizewell B, approximately 43 m3 o f  LEW will be generated each year (Nirex, 1996). This 
waste is sorted into combustible and non-combustible. The first category is incinerated, while the 
second is shredded or compacted. The volume o f  waste noted above takes into consideration these 
volume reduction measures. In this thesis it is assumed that all o f  this waste is packed in 200 litre
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drums and transported to Sellafield for further conditioning before disposal at Drigg, and the 
amount o f  LLW transported per functional unit is 0.9 kg/TJ (calculations shown below)
Sizewell B
LLW
Volume
m3/yr
Bulk density 
tonnes/m3
Weight
tonnes/yr
Stations maintenance & 34.0 0.50 17.00
operations
Secondary filters 0.5 0.85 0.43
Secondary resins 8.5 1.10 9.35
Total 43.0 26.78
Source: Nirex (1996)
NB assume no high-force compaction on site
43 m3/yr in 200 L drums = 215 drums/yr 
215 drums/yr and 90 drums/)oumey = 2.4 joumeys/yr 
26.78 tonnes/yr and 2.4 joumey/yr = 1 1 .2  tonnes/joumey
Electricity production at Sizewell B (95/96) : 28368 TJ/year 
Hence production o f  LLW = 26780 kg/28368 TJ = 0 .9 4  kg/TJ
In the case o f  the fuel manufacturing site at Springfields, 24.8 m3 o f  operational LLW is generated 
mainly by the N ew  Oxide Fuel Complex (Nirex, 1996). It is assumed that this waste is packed in 
200 litre drums and transported to Sellafield for high-force compaction. This would require 
approximately 2 journeys per year o f  about 16 tonnes each. The amount o f  LLW transported from 
Springfield per functional unit is found to be 0.07 kg/TJ (calculations shown below).
Springfields
LLW
Volume
m3/yr
Bulk density 
tonnes/m3
Weight
tonnes/yr
Process Waste from Fuel 5.0 0.74 3.7
Manufacture
Kiln residues (NOFC) 5.0 1.00 5.0
Ventilation filters 10.3 0.35 3.6
(NOFC)
Scrap molybdenum & 0.2 3.93 0.8
grinding wheels (NOFC)
General Waste (NOFC) 4.3 2.00 8.6
Total (m3/yr) 24.8 21.7
Source: Nirex (1996)
(NOFC - New Oxide Fuel complex)
NB assume no high-force compaction on site
24.8 m3/yr in 200 L drums = 124 drums/yr
124 drums/yr and 90 drums/) oumey = 1.4 j oumeys/yr
21.7 tonnes/yr and 1.4 joumey/yr = 15.5 tonnes/joumey
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NOFC U 0 2 powder and pellet production capacity : 290 tU/year
Uranium consumption in reactor: 0.87 kgU/TJ
Hence
production o f  LLW = (21,700 kg/290,000 kgU) * 0.87 kgU/TJ = 0.07 kg/TJ
The annual Low Level Waste arising in the first 5 years o f  THORP (1995-1999) is 20,650 m3. 
Assuming that this is uniformly distributed over the time period and taking into consideration the 
compaction at the Waste Monitoring and Compaction facility (WAMAC), this is approximately 
1652 m3/year o f  waste which is transported by rail to Drigg. It is forecast that the THORP 
throughput is made up o f  approximately 1/3 AGR fuel and 2/3 LWR fuel. If it is assumed that the 
LWR fuel is mainly from Pressurised Water Reactors, the amount o f  waste arising from the 
reprocessing o f  PWR fuel is 1101 m3/year. This is equivalent to approximately 5.5 kg/TJ o f  LLW 
transported to Drigg (calculations shown below).
Sellafield
Total volume 2/3 PWR fuel Conditioning Conditioned volume
LLW m3/yr m3/yr factor m3/yr
Waste from 
THORP
4130 2753 0.4 1101
Source: Nirex (1996)
THORP average throughput in first 10 years = 700 tU/year 
This is made up o f  approximately 1/3 AGR fuel and 2/3 LWR fuel, 
i.e. assumed throughput o f  PWR fuel is 467 tU/year 
Uranium consumption in reactor: 0.87 kgU/TJ
(Assume density o f  waste is that o f  cement = 2700 kg/m3 (Titley et al., 1996))
Hence
production o f  LLW = (1101 m3/467,000 kgU) * 0.87 kgU/TJ = 0.0021 m3/TJ =  5.5 kg/TJ 
Interm ediate Level W aste (ILW )
The annual arisings o f  operational ILW at Sizewell is 14.6 m3. This is filled in 500 L drums and 
encapsulated using cement (Nuclear Electric, 1996). The volume o f  waste after conditioning is 
approximately 30.4 m3 or 61 drums (500 L) o f  waste per annum. This equates to approximately 
2.9 kg/TJ (calculations shown below).
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Sizewell B
ILW
Volume
m3/yr
Conditioning
factor
Conditioned volume 
m3/yr
Primary spent resins 9.2 2 18.4
Evaporator concentrate 5.0 2 10.0
Primary filters 0.4 5 2.0
Total (m3/yr) 14.6 30.4
Source: Nirex (1996)
NB assume conditioning on site
30.4 m3/yr in 500 L drums = 60.8 drums/yr
60.8 drums/yr and 4 drums/j oumey = 15.2 j oumeys/yr
0.5 m3 in each drum = 2 m3 transported/) oumey = 5400 kg/j oumey
(Assume density o f  waste is that o f  cement = 2700 kg/mS (Titley et al., 1996))
Electricity production at Sizewell B (95/96) : 28368 TJ/year 
Hence 30.4 m3/28368 TJ = 0.0011 m3/TJ = 2.89 kg/TJ
In the case o f  the BNFL Springfields site, the annual arising o f  ILW is 13.4 m3 (Nirex, 1996). This 
only includes operational waste from the New Oxide Fuel Complex which manufacture the AGR 
and PWR fuel rods. A breakdown for the rest o f  the site has been difficult to obtain. If it is 
assumed that the waste is conditioned on site, the total volume accumulated in one year is 33.5 m3 
or 67 waste drums (500 litre). The amount o f  waste transported per functional unit is 0.06 kg/TJ 
(calculations shown below).
Springfields
ILW
Volume
m3/yr
Conditioning
factor
Conditioned volume 
m3/yr
Magnesium Fluoride filters 0.2 2.0 0.4
(NOFC)
HEX cylinder heel 13.0 2.5 32.5
washings (NOFC)
Process residues (NOFC) 0.2 3.0 0.6
Total (m3/yr) 13.4 33.5
Source: Nirex (1996)
(NOFC - New Oxide Fuel complex) 
NB assume conditioning on site
33.5 m3/yr in 500 L drums = 67 drums/yr
67 drums/yr and 4 drums/joumey = 17 j oumeys/yr
0.5 m3 in each drum = 2 m3 transported/)oumey = 5400 kg/)oumey
(Assume density o f  waste is that o f  cement = 2700 kg/m3 (Titley et al., 1996))
NOFC production capacity : 1250 tU/year (best estimate, as most waste arise from
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Uranium consumption in reactor: 0.87 kgU/TJ
Hence (33.5 m3/1250,000 kgU) * 0.87 kgU/TJ = 2.3E-05 m3/TJ = 0.06 kg/TJ
At the reprocessing site at Sellafield, the annual arising o f  conditioned ILW from reprocessing o f  
PWR fuel at THORP is 383 m3. This is packed in 500 litre drums and will most likely be 
transported by train to the proposed repository. The amount o f  waste transported per functional 
unit is 1.9 kg/TJ (calculations shown below).
Sellafield
Total 2/3 PWR Conditioning Conditioned
ILW volume fuel factor m /yr
m3/yr m3/yr
Plutonium Contaminated 80.4 53 j 0.5 26.8
Material
LWR cladding 171.0 ——— 1.06 181.3
Misc. beta/gamma waste 88.0 58.7 1.0 58.7
Barium Carbonate slurry 13.4 8.9 1.8 16.0
Multi Element Bottle 3.2 2.1 1.8 3.8
(MEB) crud
Centrifuge Cake Slurry 34.6 23.1 2.0 46.2
SIXEP ion exchange 13.0 8.7 1.0 8.7
material & sand
EARP floe 43.4 28.9 1.43 41.3
LWR Pond sludge 0.1 —— 1.0 0.1
Total (m3/yr) 447.1 382.9
Source: Nirex (1996)
THORP average throughput in first 10 years = 700 tU/year 
This is made up o f approximately 1/3 AGR fuel and 2/3 LWR fuel,
i.e. assumed throughput o f  PWR fuel is 467 tU/year 
Uranium consumption in reactor: 0.87 kgU/TJ
(Assume density o f  waste is that o f  cement = 2700 kg/m3 (Titley et al., 1996)) 
Hence (382.9 m3/467,000 kgU) * 0.87 kgU/TJ = 0.00071 m3/TJ = 1.9 kg/TJ
High Level Waste
HLW is produced from the reprocessing o f  irradiated nuclear fuel at Sellafield. It is produced as a 
concentrated aqueous residue which is vitrified and stored for a minimum o f  50 years before 
disposal. The predicted annual arisings o f HLW in the first 5 years o f  THORP operation (1995- 
1999) is 4.8 m3. Similarly to LLW, approximately 2/3 o f  this is allocated to the reprocessing o f  
PWR fuel and the amount o f  HLW waste transported per functional unit is found to be 0.0032 
kg/TJ (calculations shown below).
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Total volume 2/3 PWR fuel
HLW m3/yr m3/yr
Vitrified waste from THORP 0.96 0.64
Source: Nirex (1996)
THORP average throughput in first 10 years = 700 tU/year 
This is made up o f  approximately 1/3 AGR fuel and 2/3 LWR fuel,
i.e. assumed throughput o f  PWR fuel is 467 tU/year 
Uranium consumption in reactor: 0.87 kgU/TJ
(Assume density o f  waste is that o f  horosilicate glass =  2700 kg/m3 (Titley et al., 1996)) 
Hence (0.64 m3/467,000 kgU) * 0.87 kgU/TJ = 1.19E-06 m3/TJ = 3.22E-03 kg/TJ
The following two tables summarise the calculations described above:
Transport data for non-irradiated material
I From To Type Transport
mode
W eight
(kg/trip)
D istance1
(km)
(kg/TJ)' |
Liverpool
J (shipping port)
Preston
(Springfields)
UsOg road and 
ra il3
15000 64 "&25 j
I Southampton
(shipping port)
Preston
(Springfields)
UsOg road and 
ra il3
15000 414 8.25 j
Felixstowe
| (shipping port)
Preston
(Springfields)
UsOg road and 
ra il3
15000 466 8.25 "1
I Tilbury
j (shipping port)
Preston
(Springfields)
UgOg road and 
ra il3
15000 437 8.25
Preston
(Springfields)
Chester
(Capenhurst)
u f 6
(natural)
road 15000 94 10.32 j
Chester
I (Capenhurst)
Preston
(Springfields)
u f 6
(enriched)
road 6000 or 
9000
94 1.29
1
Chester
1 (Capenhurst)
Preston
(Springfields)
u f 6
(Depleted tails)
road 94 9.03
j Preston
1 (Springfields)
Aldeburgh
(Sizewell)
U (Fuel) road 3920 480 Ô.87
1 Source: Autoroute Plus V2.01
2 See Appendix B, Volume 1 for calculations
3 Assume 2/3 road & 1/3 rail (Gelder, 1991)
Transport data for irradiated materials and w aste materials
I From To Type Transport
mode
W eight
(kg/trip)
D istance1
(km)
(kg/TJ)2
j Aldeburgh
(Sizewell)
Seascale
(Sellafield)
U
(Spent fuel)
road and 
rail
3,500 630 0.82
Seascale
(Sellafield)
Preston
(Springfields)
u o 3
(Reprocessed)
road 15,000 146 1.09
Aldeburgh
(Sizewell)
Seascale
(Drigg)
LLW road 11,160 630 0.94
Preston
(Springfields)
Seascale
(Drigg)
LLW road 15,500 146 0.07
Seascale
(Sellafield)
Seascale
(Drigg)
LLW rail 6 5.50
Aldeburgh
(Sizewell)
Seascale
(repository)
ILW road 5,400 630 2.89
Preston
(Springfields)
Seascale
(repository))
ILW road 5,400 146 0.06
Seascale
(Sellafield)
Seascale
(repository)
ILW rail 6 1.90
\ Seascale
(Sellafield)
1 O .... . i .
Seascale
(repository)
HLW rail 6 0.0032
2 See Appendix B, Volume 1 for calculations
3 Assume 2/3 road & 1/3 rail (Gelder, 1991)
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